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PREFACE. 


It is now nearly twenty years since the last edition of this volume was 
issued. During this period, the chemistry of the organic bases and 
alkaloids has been greatly extended so that very far-reaching alterations 
have been necessary in the course of revision of this volume. As far as 
possible, however, the original arrangement of subject-matter has been 
retained, although considerable changes of order have in some instances 
been made, as, for example, in dealing with the cinchona alkaloids. 
It has, too, been found advisable to split up the section on Cofeine and 
Its Aliks in the last edition into two separate portions, so as to deal 
with tea and coffee in one section and cocoa and chocolate in another. 

As in the last edition, it has not been found possible to include all the 
principal vegetable alkaloids in one volume; those dealt with in Vol. 
Ill, part iii, of the last edition will be found in Vol. VII of the new 
edition. 
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AMINES AND AMMONIUM BASES. 


By W. a. DAVIS. 

'rhc amines are substituted ammonias of the type 

NHjR NHRjRj NR.R^Rg 

Primary. Secondary. Tertiaiy'. 

derived from ammonia by the replacement of its hydrogen atoms by 
alkyl groups, R. Wlicn more than i hydrogen atom is replaced, 
the alkyl groups introduced may be identical, as methyl for example, in 
trimcthylamine, NMeg, or different, as in mcthyl-ethyl-propylamine, 
NMeEtPr. In the latter case the amines are known as mixed amines. 

From the commercial point of view the most important amines are 
those of the aromatic scries, such as aniline, naphthylamine, etc. It 
is usual, however, to distinguish these from the aliphatic amines, from 
which they differ in certain important respects, by giving them the 
name of aromatic amino-compounds, the true aromatic amines being 
substances, such as benzylaminc, NHj.CHo.CgHg, wliich bear a 
much closer relationship to the aliphatic amines than the coal-tar 
bases, of which aniline is the most important representative. 

Diamines arc derived from hydrocarbons by replacing 2 hydrogen 
atoms by 2 amino-groups, c. .g., c///y/cw 6 w//( 7 /;;/;/c, XH2.CH2.CH.J.XH2; 
pJicnylcnc-d ia m inc, X II ^.C^H^-XIL ; tclramethylcnc-d ia m inc {piitrcs- 
cine), NHj.ClF.CHj.CIlVciR.Xn*. 

Triammes or Iriamin-compotinds, tetramines or tetramino-compounds 
are also known but arc relatively unimportant. 

Ring nitrogen compounds such as pyridine and quinoline have the 

pyridine. 

0 

N 

properties of tertiary bases 


Oninolinc. 


N 

The reduced pyridine, hex ahyd ropy ridine 


I 



2 


AMINF.S AND AMMONIUM BASES. 


CIU 

H.c ^ ^ 

or piperidine, 

11 N 

is a secondary base; coniine and sarcosine (mcthylglycine) are also 
secondary bases. 

When one hydrogen atom of ammonia is replaced by an acid radical 
such as acetyl or benzoyl, an amide is obtained, e. g., acetamide, 
CHj.CO.NlIj. Mixed compounds such as methylacetamide, 
NHMe.CO.CH3, acetanilide, NHPh.f'O.dlj, are formed by 
the replacement of one hydrogen atom of ammonia by a hydrocarbon 
radical and one by an acid ra<lical. Urea or carbamide is the diamide 
of carbonic acid, and has the constitution XIU.CO.NH,. Ouanidine 
(\'ol. 7) is the corresponding imine, NH:C'(Xll2)2. 

Of these various compounds the monamines may with advantage 
be considered at the present stage, but the majority of the amines will 
be dealt with in other sections. 


MONAMINES. 


'I'liese bases are derivetl from i molecule of ammonia by the sub- 
stitution of I or more of the hydrogen atoms by an equivalent number 
of alkyl radicals. 'I’he first sub.stance obtained of tins class was ethyl- 
amine, ('2H5.XH2, prepared l)y Wurtz in i8.}8 by distilling ethyl 
cyanurate with pota.ssium hydroxide. Methylarnine, ('H3.NH2, was 
obtained by the same chemist in the following year, by the distillation 
of methyl isocyanate with alkali hydroxide: 2K()H-|- (’Hg.N.CO — 

K2C03+('H3.NH2. 

Hofmann obtained the monamines by the action of an alkyl iodide 
on an alcoholic solution of ammonia, d'he action is not a .simple one, 
all three monamines being formed together with a tetra-alkyl-ammo- 
nium base, d'hus, when ethyl iodide is heated with alcoholic ammonia 
to loo"^ in a sealed tube, there are obtained: 


Hydriodide of ammonia, 

Hydriodide of cthylaminc, 

Hydriodide of diethylamine, 
Hydriodide of tricthylamine, 

Tetra ethyl-ammonium iodide, 

Similar products result when bromide or 


HjN,!!!. 

(('2H,)H2N,HI. 
(('2113)2X11, HI. 

(('2H3)3N,HI. 

(C2H3),N,(yi3l. 
chloride of ethyl is substi- 
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tuted for the iodide, except as to the relative proportions of the amines 
obtained. Thus chloride of ethyl produces almost exclusively EtNHj,- 
IICI, with small quantities of EtjNHjHCl and NEtgjEtCI; ethyl 
bromide gives chielly EtNHjjHBr with very appreciable quantities 
of NHEtjHBr and NEtgjHBr, but very little NEt^Br; while ethyl 
iodide produces NPIjEtjHI, NHEtjjHI, and NEt^jHI in about equal 
proportions, as well as very appreciable quantities of Et4NI (Groves, 
J. Chem.Soc., 13, 331). 

A similar series of products is obtained by heating iodide, bromide, 
or nitrate of methyl with a solution of ammonia in methyl alcohol. 
When the methyl nitrate and ammonia solution are used in equivalent 
proportions for the action — MeN03+Il3N = NH2Me,HN03, methyl- 
amine is the chief product, though more or less of each of the more 
highly substituted products is also formed. With excess of methyl 
nitrate, tetramethyl-ammonium nitrate, Mc^N.N03, is produced in 
large excess, and the same quartary compound is formed if methyl 
bromide or iodide be substituted for the nitrate. 

The complex nature of the products obtained by treating alkyl 
iodides, etc., with alcoholic ammonia is due to the tendency of the 
amines first produced to act on the remaining portions of the alkyl 
iodide or other salt to form ammonium iodide and more highly sub- 
stituted amines. The hydriodides of the amines similarly react witli 
ulkyl iodides in presence of ammonia to form ammonium iodide and 
more highly substituted amines. 

From these reactions it follows that the hydriodide of diethylamine, 
for instance, may be obtained by heating ethyl bromide or iodide with 
a calculated amount of ethylamine in a sealed tube. A great variety 
of mixed amines may be obtained by precisely similar means. 

Separation of Amines from Tetralkylammonium Salts. 

In the preparation of an amine a mixture of the salts of primary, 
secondary and tertiary bases is obtained together with the quartary 
or quaternary ammonium salt. The product of the action is filtered 
from ammonium iodide, which is nearly insoluble in the alcoholic 
liquid, and is evaporated to dryness to get rid of excess of alcohol, 
free ammonia, and unchanged alkyl iodide. The residue is then dis- 
tilled with potassium hydroxide, when the hydriodides of the amines 
are decomposed, the bases volatilising, while the tetra-alkyl ammonium 
iodide remains in the retort unchanged by, and insoluble in, the 
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Mwnti potassium hydroxide solution, 'ihc mixture of a/imics /.> (o/i, 
(iijcfed over adcium hydroxide, and then condensed hy pa.ss.jo,. 
through a well cooled tube. 

Detection and Separation of Primary, Secondary and Tertiary 
Amines, 

1. Hinsberg’s Method.— I’roliaWy du- most useful method of 
separatiuR or distinRuishinR the three classes of amines is that of 
liinsherg (/ier., iSpo, 23, 2063, and Amialm ., 1801, 265, i;S), It de- 
pends on the fact that whereas tertiary amines are not alTccte<l Ijv 
aromatic sulphochlondes, such as hcnzenesulphochloride, primary and 
secondary amines yield sulphonamules, c. jf., (',n,,.SO„\lIR and 
( SO,..\R,R,, when shaken with the sulphochloride 'in presenee 
of alkali. 1 he sulphonamides of the lirst type, moreover, dilTer from 
those of the type (;H,,S0,.XR,R,. in forming alkali salts which are 
soluble tn water. .After the action of the suliiho. hloride is com|>leted 
the e.xcess of alkali is nearly neutralised and the product subjected to 
steam di.stillation which generally serves to remove the irtiary base 
1 he sulphonamide of the primary base can then be sejiarated from 
that of the secondao’ l«ase by taking advantage of its solubility in 
aqueous alkali, the sulphonamide of the secon.lary amine remaining 
undis.solved. The amines arc regenerated from their .siilphonamide.s 
alter separation, by heating the latter with hydrochloric or .sulphuric’ 
acid in a sealed tube at .30 -.50’ (llinsbergl; or by warming with 
chlorosulphonic acid, .S(),II(;|, i„ an open vessel at , ,0 -1 30^, followed 
..V boiling with dilute alkali (Marckwald and von brosie-IIuel.sholf, 
At. .898 31 3261). In some ca,ses the action is not stri, tly normal,' 
a kah insoluble dibenzene-sulphonvT compoumb, KNtsO (' || 1 
heuig forme, I from the primary amine along with the nornnV alkali ' 
■soluble monoln'iizenesulphonyl derivative, thus cait.sing confusion, 
n the case of primary amines with more than 6 carbon atoms, as well 
as with certain amino-compouinis of the lerpeiie .series, the .sodium 
compoumls of the true monobenzenesulphonamides arc easily livilro 
lysed by water ainl insoluble in an e.wess of alkali, ami a false conclu- 
sion as to the [iresence of secomlary bases may thus be arriied at 
According to Hinsberg ami Ke.ssler (At., 1905, 38, 906,, however, the.: 
dllhcultics may be overcome by the following ,,rocedure: ,. Tin- 
abnormal dibenzenc-sulphonyl compounds can be hv.lroly.sed to the 
normal alkali-soluble forms by warming with so.lium etiioxii'le dissolved 
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in alcohol. 2. The abnormal insoluble monobenzcncsulphonamidcs 
can be converted by sodium in ethereal solution into sodium salts which 
arc insohihkm ether, while the sulphonamide-derivativcs of secondary 
bases are wdthout exception soluble in ether and unaffected by sodium. 

2. Acetylation. — Primary and secondary amines arc readily 
attacked, generally at the ordinary temperature, more rapidly on 
warming, by acetyl chloride or acetic anhydride (a sufficiency to wet 
the compound thoroughly, generally i 1/2 to 5 times the theoretical 
quantity required for acetylation). Primary bases form acetyl deriva- 
tives of the type RNIIAc, and secondary bases compounds of the type 
RjRj.NAc. Tertiary bases do not form acetyl derivatives, but, when 
treated with acetyl chloride or acetic anhydride and subsequently with 
w’atcr, dissolve in the form of chloride or acetate respectively. Thus, 
on acctylating a mixture of a primary', secondar}' and tertiary amine, 
as the acetyl derivatives formed from the first two are as a rule sparingly 
soluble in water, on diluting the reaction product with a large volume 
of water, the tertiary base dissolves and leaves the acetyl derivatives 
undissolved; on adding alkali hydroxide to the solution of the soluble 
salt of the tertiary amine, the free base is separated and can be suitably 
dealt with. The mixture of acetyl compounds is hydrolysed by heating 
w'ith concentrated hydrochloric acid and the secondary base separated 
from the primary amine in the form of nitrosaminc (see page 8) 

•The primary base is converted by this treatment into the correspond- 
ing alcohol. 

According to Menschutkin {Client. Soc. Absfr., 1900, i, 335) the differ- 
ent rate of acetylation of primary and secondary amines can be used 
as a means of distinguishing these bases. The amine is sealed in a 
glass tube with i equivalent of acetic acid and heated in a bath of nitro- 
benzene during 30 minutes, after which it is quickly cooled, the tube 
broken and the contents mixed with a few' c.c. of alcohol and 
titrated wdth alcoholic potassium hydroxide using phenolphthalein as 
indicator. Primary amines are as a rule acetylated under these con- 
ditions to the extent of 87.5 to 97.5%, and secondaiy amines to the 
extent of only 40 to As the rule given is empirical it is lial.)le to 

variation with .alterations of structure, etc., and the method should be 
used therefore only with caution. 

3. Hofmann^s Method. — a. If an amine be heated to 100°, under 
pressure, with an excess of alkyl iodide, a quaternarv’ iodide will at 
length be formed, and the problem whether the original base was a 
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primary, secondary, or tertiaiy amine will be solved by comparing the 
composition of the ultimate product with that of the original base or its 
hydriodide. Thus, if methyl iodide has been the alkylating agent 
employed, the iodide ultimately obtained will differ from the hydriodide 
of the original base by 3CTI3 if the amine was primary; by 2CHj if 
secondary, and by CTI, if tertiary. 

b. The following is an outline of the method devised by Hofmann for 
the separation of mixed ethylamines. 

The bases are treated in a flask with one and a half times their 
weight of ethyl oxalate (previously dried over calcium chloride), which 
is added gradually through a tap funnel. This has no action on 
triethylamine or other tertiary bases, but converts diethylamine into 
liquid ethyl diethyloxamate, and ethylamine into solid diethyloxamide,^ 
according to the following equations: 

COjEt CO.NHEt 

1- I -faEtNHj^l +2EtOH 

COj.Et CO.NHEt 

Ethyl oxalate. Ethylamine. Diethyloxamide. Alcohol. 

CO.OEt CO.OEt 

2- I +Et,NH=| +EtOH 

CO.OEt CO.NEt, 

Ethyl Diethyl- Ethyl Alcohol, 

oxalate. amine. dicthyl- 

o.xamate. 

The liquid gets very hot, but for the completion of the action the 
mixture should })e heated to 100° for several days in a closed vessel. 
The triethylamine, which has taken no part in the change, is then 
distilled oil on the water-bath. The residue is well cooled, and the 
solid oxamide separated from the liquid oxamate by pressure. ^ On 
subsequent distillation with pota.ssium hydroxide these compounds 
yield the primary and secondary amines respectively: 

1. Cj0,(NH.Et)3 +-2H.(0K)-C,03(0K)2-f 2H(NH.Et) 

CO.OEt (O.OK 

2 . I 4-2H0K= I TNHEtj-f HOEt. 

CO.NEtj CO.OK 

The foregoing process, with certain modifications in detail, is of 


in f srparat^ from the ethyl diethyloxamate by cold water 

sJrlmUVm U ^h?>ttcr very tparihgly. If hot water L jsed. the 


* Some ethyl monocthyloxamatc. C7O1 { [Jh’c jr 
amines in this reaction. ' * 


formed from the primary 
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general application for the separation of primary, secondary, and 
tertiary amines; the first class forming oxamides, the second oxamic 
esters, and the third being unacted on. 

An important modification in the foregoing method has been made 
by Duvillier and Buisine {Ann. Chim. Phys. [v], 23, 289), who operated 
on an aqueous solution of the bases. Under these conditions, the 
primary amines are converted by ethyl oxalate into insoluble or spar- 
ingly soluble oxamides, while the secondary and tertiary bases are 
unchanged, or at any rate remain wholly in solution. After separating 
the oxamides by filtration, the mother-liquor^ [is boiled for some time, 
which causes the hydrolysis of the ethyl diethyloxamate with formation 
CO.OH 

of diethyloxamic acid, 1 and the further change of this into 

CO.NEt^, 

the acid oxalate of diethylamine, (CjHJjHN.H^CjO^. This salt 
separates on cooling, and yields the free base on distillation with 
alkali. The filtrate] is distilled with potassium hydroxide, the bases 
dried by potassium hydroxide, and dissolved in absolute alcohol. 
On adding ethyl oxalate to this solution the secondary amines are 
converted into oxamic esters, while any remaining primary amines 
are converted into the corresponding oxamides. After allowing the 
mixture to stand for 24 hours to complete the action, the 
alcohol and unchanged tertiary bases are distilled off on the water- 
blath. The oxamates remaining in the retort may be converted into 
calcium salts by treatment with milk of lime, or the secondary bases 
at once liberated and recovered by distillation with potassium hy- 
droxide.- Duvillier and Buisine have applied this method to the 
analysis of the complex mixture of amines present in commercial 
trimethylamine from vinasses (page 1 5). A. Muller {Bull. Soc. Chim., 
1884, 42, 202) has described a method for the separation of amines 
based on much the same principle. 

4. Del^pine^s Method {Compt. Rend., 1896, 122, 1064, 1272; Ann. 
Chim. Phys., 1896 [vii], 8, 1439). — Formaldehyde condenses in alka- 


* The treatment described in the brackets is optional, and chiefly of advantage in the 
separation of ethylamines. 

* The conversion into calcium salts is especially suitable for the treatment of the ethyl- 
aniines. The precipitated calcium diethyloxamate and monoethyloxamate are filtered off, 
and the filtrate treated with alcohol, which precipitates the remainder of the calcium salts. 
I he precipitates arc treated with boilinR water, when the monoethyloxamate dissolves, and 

I on^coolinR in large crystals, which on distillation with potassium hydroxide 

yield •thylantiM. On concentrating and cooling the mother-liquors, calcium dicthylox- 
amate separates It is recrystallised from alcohol, washed with ether to remove any adher- 
ing oxamidc, and distilled with potassium hydroxide, when it yields pure difthylamtnt 
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line solution with primary amines giving polymeric methylene deriva- 
tives of the type (CIIoiXR)^ or Oil.ClLj.XRiRo- action occurs 
with teiliary amines. The methylene compounds can be separated by 
fractional distillation and tlien tlecomposed into their components by 
alcoholic hydrogen chloride. The process has been suggested as a 
means of separating the metliylamines. 

The primary, secondary, and tertiary monamincs may also be 
distinguished by the following. 

5. If a primar)' monaminc be boiled with alcoholic potassium 
hydroxide and chloroform, the characteristic and highly disagreeable 
odour of the corresponding carbamine or isonitrile is evolved, according 
to the equation: MeNHjT CHCI3 f 3KHO = MeXC+ 3ITO+ 3KCI. 

6. If a primary monaminc be dissolved in a mixture of equal vol- 
umes of alcohol and carbon disulphide, and the liquid then boiled 
down to one-half, a thiocarbamate will be formed thus: 2MCXII2 + 
CS 2= MeXH.es. S.HXTI.Me. 

If the resultant licjuid be boiled with a solution of mercuric or ferric 
chloride, a pungent odour of mustard oil will be produced owing to 
the formation of an alkyl iso-thiocyanate:^ 

MeXH.CS.S.XMell.+ IIgClj^HgS-l-MeXCS-f-XMell^Cl f HC'l. 

Secondar}’ amines combine with carbon disulphide under the same 
conditions but give alkylthiocarbamic acids which are not convertible 
into a ‘‘mustard-oil.” 

CS2+2XIIKt2=XEt2.CS.SII,XHKt2. 

7. Xitrous acid converts primary fatty monamincs into the corre- 
sponding alcohols: ^IeH2X-r XO.(MI-Me.OII-f (IIR-f X^. 

Aromatic amino-compmituls (r. aniline) are converted by nitrous 
acid into diazo-compounds: PhXHj E Xt^.OITl- HCl = Ph.X:X.Cld- 
2H,0, which on boiling with water yield phenols. 

Secondary amines, whether fatty or aromatic, are converted by nitrous 
acid into nitrosamincs, thus: McjXII f X().()II= McoX.XO l- HjO. 
The nitrosamines are yellow liquids, of neutral character and aromatic 
odour, volatile without decomposition in a current of steam. Weak 
reducing agents (zinc dust and acetic acid) convert them into hydra- 
zines; but by more powerful hydrogenising agents, or by warming 
with alcohol and hydrochloric acid, they arc reconverted into the 
original secondary amines. 

• In the case of aromatic primary amines, the product is usually a thio-urea, which 
require* to be treated with phosphorus pentoxide to obtain the iso-thiocyanate. 
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These nitrosamines give an intensely blue or bluish-violet colouration 
when they are warmed with phenol and concentrated sulphuric acid 
and the mixture diluted with water {Licbermann' s nilroso-reaclion). 

Nitrous acid has no action on tertiary fatty amines. It converts most 
tertiary aromatic amines into nitroso-derivatives which contain the 
nitroso-group in the benzene nucleus. 

In practice, the action of nitrous acid on the amines is best effected 
by distilling their hydrochlorides with a strong solution of potassium 
or sodium nitrite after adding the necessary quantity of hydrochloric 
acid. If a mixture of the 3 methylamines be thus treated, the 
tnclhylamine is destroyed (with formation of methyl alcohol, which 
will be found in the distillate), dimethylamine is converted into di- 
methyl-nitrosamine, which distils,^ while the hydrochloride of trimethyl- 
amine remains in the retort and on distilling it with alkali hydroxide 
the free base can be obtained. 

This method, however, loses some of its quantitative value owing to 
the fact that a portion of the tertiary amine may undergo conversion 
into the secondary amine by an alkyl group being split off in the form 
of aldehyde (Bannow, Meyer-Jacobson’s 1906, 345); the 

amount of nitrosamine is thus increased. 

8. Both primary and secondary monamines react with aldehydes to 
form neutral compounds. The action between oenanthal and mono- 
and di-methylamine respectively is as follows: 

IL.N.CHa-f C„lI,3.CHO = ITO-f C,1I,.,.CH.NCH3; and 
2HN(CH3')2+C,Hj3.CHO = li,04-C«II,3.CH[N(CH3)o],. 

This reaction has been utilised by Schiff {Annalen, 1S71, 159, 158) for 
the volumetric assay of amines. The base is dissolved in benzene, 
fused calcium chloride added, and then a standard solution of aman- 
thal in benzene dropped in from a burette so long as water continues to 
separate. Each addition of the oenanthal solution produces a turbidity 
from separation of water, but this is absorbed by the calcium chloride 
on gentle agitation. As a primary amine reacts with twice as much 
oenanthal as the correspoiuling secondary amine, the proportions of the 
two in a mixture can be estimated from the result of the titration, pro- 
vided the mean combining weight of the mixture be known, or ascer- 
tained in a separate experiment by titration with standard acid. 

* On separating the nitrosamine, which forms a yellow oil, from the aqueous distillate, 
treating it with aqueous hydrochloric acid, and then passing hydrochloric acid gas till the 
hquid is homogeneous, the hyda)chloridc of the secondary amine is formed, and may be 
obtained by evaporation of the solution. 
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9. The acid ferrocyanides of the tertiary amines are remarkably 
insoluble in water. They are precipitated on adding potassium ferro- 
cyanide to the solutions of the amines acidified with hydrochloric 
acid. The bases can be recovered from their ferrocyanides by treating 
the precipitate with solution of cupric sulphate, filtering, and removing 
the sulphuric acid and excess of copper from the filtrate by barium 
hydroxide. (Fischer, Annalen^ 1878, 190, 185; ChMcn, Com pt. Rend., 
1902 , I35» 90I-) 

Generic Characters of Monamines. 

The monamines, as a class, are readily volatile liquids, of lower 
sp. gr. than water. Their b. p. rise with the number of carbon 
atoms in the molecule. The lower members dissolve with great 
facility in water, forming strongly alkaline liquids of an ammo- 
niacal odour. The higher members are, however, without odour and 
do not dissolve in water. From their solutions, ethyl amine and the 
higher homologues can be separated by saturating the liquid with 
potassium hydroxide. By boiling the aqueous solutions of the free 
bases, or of their salts after adding excess of lime or alkali hydroxide, 
the monamines can be completely volatilised, and condensed again in 
water or acid, and titrated in the same manner as ammonia. The 
monamines are all powerful bases, closely resembling ammonia in 
their general characters. They are, however, distingui.shed from 
ammonia by their inllammability, a fact which led to their discovery; 
they burn with a yellow llame. They form crystallisable salts and 
well defined double-salts, such as the aurichloridcs and plalinirhlorides, 
which are very useful for their identification and analysis; the pkrates 
are also generally well defined. The monamines precipitate magnesium 
salts, but the precipitated magnesium hydroxide dissolves in the amine 
hydrochloride, forming a double salt from the solution of which phos- 
phate of sodium precipitates an amino-magnesium phosphate. The 
amines thus behave exactly in the same manner as ammonia. 

The only amines (not described in other chapters) requiring detailed 
consideration arc the primary, secondary, and tertiary monamines of 
methyl and ethyl. These substances arc typical of the amines generally, 
and most of the statements made respecting them would be true of all 
the compounds of this class. Their aqueous solutions dissolve silver 
chloride, and behave in much the same manner as ammonia with 
metallic salts; but there are some interesting differences, as shown in 
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the table below, from which is will be seen that certain of the precipi- 
tates which are soluble in excess of ammonia are undissolved by the 
amines, and vice versa. ^ 


Metallic 

salt 

Ammonia 

H,N 

Ethylamine 

(CjHOHiN 

Methylamine 

(Clf,)HiN 

Dimethyl- 

amine 

(CH,),HN 

Trimethyl- 

amine 

(CH,)jN 

Aluminium. . . 

Insoluble 

(nearly). 

Soluble 

■ Soluble 

' Soluble 

i 

Soluble 

Cobalt 

Blue precipi- 
tate; soluble 
in excess to 
brown so- 
lution. 

Insoluble .... 

Blue; insol- 
uble in ex- 
cess; turned 
brownish on 
heating. 

Blue; insol - 
t uble in ex- 
1 cess; turned 

1 brownish on 

1 heating. 

Blue; insolu- 
' uble in ex- 
cess; turned 

1 brownish on 

1 heating. 

Nickel 

! Soluble in 
excess to 
violet-blue 

1 solution. 

j Insoluble .... 

i Apple- green; 

1 insoluble in 
j excess. 

, Apple-green; 

1 insoluble in 

1 excess. 

; Apple- green; 

1 insoluble in 
j excess. 

Zinc 

; Very 
soluble. 

j 

j Soluble 

1 

* 

Soluble in 

1 large excess: 
j reppted on 

1 heating. 

1 Sol u b 1 e in 
; large excess; 
j reppted on 

1 heating. 

S o 1 u b 1 e in 
very large ex- 
ce.ss; reppted 
on heating. 

Cadmium .... 

Soluble 

Insoluble .... 

Insoluble .... 

! Insoluble . . . 

Insoluble. 








very solu- 
ble in ex- 
cess. 


soluble in 
large excess ; 
reppted on 
warming. 

! soluble in 
large excess; 
reppted on | 
warming. j 

1 

ppt chang- 
ing to black; 
sol. large ex- 
cess to dark 
solution ; re- 
p p t e d on 
w'arming. 

Cupric 

Blue; solu- i 
ble in ex- ! 
cess to deep 
blue solu- I 
tion. 

Soluble with 
ditbculty in 
excess. 

Blue; soluble j 
in large ex- 
cess to deep ! 
blue solu- 
tion .reppted ; 
dirty brow'n j 
on Ijoiling. | 

Blue; partly 
soluble in 
large excess; 
reppted dir- 
ty brown on 
boiling. j 

Blue; partly 
soluble i n 

large excess; 
reppted dir- 
ty brown on 
boiling. 

Mercuric 

1 

White ‘ 

White; insol- j 
uble. 1 

White; solu- 
ble in much ; 
water. 

Yellow; chang- 
ing to very 
pale yellow. 

Stannic 

1 

Insoluble ... 

Very soluble 
in excess. 


Soluble 

Soluble. 

Antimunic. . . . 

i i 


Soluble 

Soluble in 
large excess. 

Gold 

Insoluble . . . i 

Soluble 

Brownish yel 
low p p 1, ! 
readily sol- 
uble m ex- 
cess to 
orange- red 
liquid. 

Yellow pre- j 
cipitate; so- 
luble in ex- 
cess to 

brown 
liquid. 


Ruthenium. . . 

Insoluble . . . 

Soluble 


Lead 











* Allen was indebted to Leo Taylor for repeating and enlarging on the experiments of 
Vincent, on whoso observations the table is chiefly founded. Several blanks in the obseiv 
vations of Vincent have been filled by Taylor. 
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In all cases a solution of aluminium phosphate in hydrochloric acid 
behaves similarly to a solution of aluminium chloride (Taylor). 

rHYSICAL PROPERTIES OF AMLNES. 

The following table is t.akcn from Meyer- Jacobson’s Lehrhurh (1906). 


Primary amine NH:R 1 Secondary amine Tertiary amine 
NnR2 I .N'Rs 


Alkyl , I ! 

radical R : 

M. p. B. p. Sp. gr. I B. p. j Sp. gr. ' B. p. ' Sp. gr. 

Methyl —6.7° o .699(— ii”) +7° o.ri.H6(~6^) 0.662!— .s°) 

Ethyl —83.8 + 19 o .7 o 8( — 2'') 56° o.7ii(+iS'') 9©'’ o- 7.?.S( + 1 5°) 

Propyl 49'^ 0.728(0°) 110° 0.7,38(20°) j.s6° 0.771(0°) 

t.to-Propyl ,32° 0.690(18°) 84° o.724(i«;‘') 

«-Butyl 77.8° 0.742(15°) 160” 216.5° 0.791(0°) 

iio-Butyl 66° 0.7,35(15°) 136° 187° 0.785(21°) 

5ec- Butyl 63° 0.718(20°) ^ 

Butyl 4 ? 8 ' 0.698(15°) 

«-Amyl 104° 0.766(19°) 

150-Amyl 95''’ 0.750(18°) 187" 0.782(0') 2,<5'' 

/ert- Butyl- 82-83''’ 

methyl. 

SPc-«-.Vmyl (Me- 92° 0.738(20°) 

thyl-n-propyl- i 

carbinamine). , 

sec-«-Amy) (Di- 90-91" 0.746(20°) 

ethylcarbin- 1 ! 

amine). i 

Methyl iso-pro- 83-84° 0.75708.5)° 

pyl carbinamine 

tert-Arnyl (Di- 78.5^ 0.748(15') 

methy! ethyl 
carbinamine). 

K-Hcxyl 129° 260° 

K-IIeptyl 15,3° 0.777(20°) 

M-Octyl 175-177" 0.777(26.8°) 297° 366° 

»j-Nonyl 190-192° 

n-Dccyl +17 216-21H’ 


Methylamine, NHj.CHg. 

Methylamine exists ready-formed in Mercurialis annua and M. 
perennis, and, as obtained (in an impure state) from these plants, was 
formerly known as mercurialine. It also exists in herring-brine, coal 
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tar, bone-oil, and the products of the distillation of wood, beetroot 
molasses (vinasses), and certain alkaloids (e. g., morphine, codeine). 
It is also produced when caffeine is boiled with baryta-water, and l)y 
heating trimethyiamine hydrochloride to 285°, when methyl chloride 
and trimethyiamine volatilise, and methylamine hydrochloride (mixed 
with some ammonium chloride) remains. Methylamine is best 
obtained pure by treating one equivalent of acetamide with 2 equiv- 
alents of bromine, and then adding a 10% solution of potassium 
hydroxide till the colour of the bromine has nearly disappeared: 

C,H30.Nn2+ 2KH0 = CjHgO.N.BrK + KBr+ 2H2O. 


Three additional equivalents of potassium hydroxide are now dis- 
solved to a 10% solution, and heated in a retort to 70° The product 
of the first action is then gradually added through the tubulure. The 
gases evolved are collected in hydrochloric acid, and on evaporating 
the solution a mixture of the hydrochlorides of ammonia and methyl- 
amine is obtained, ‘ from which the latter only is dissolved by absolute 
alcohol.' On distillation with alkali hydroxide or slaked lime the salt 
yields the base, quite free from di- or tri-methylamine. 

Methylamine boils at — 6.7°, and hence is a gas at ordinar)' tempera- 
ture. I volume of water at 12.5"^ dissolves 1,150 volumes of the gas, and 
hence it is more soluble even than ammonia, which methylamine closely 
resembles in odour and general characters; methylamine is distin- 
guished by its ready indammability — a property even possessed by its 
concentrated aqueous solution. It burns with a yellow flame, forming 
carbon dioxide water, nitrogen, and hydrocyanic acid. 

On passing a succession of electric sparks through methylamine, 
hydrocyanide of methylamine is produced, and this is decomposed by 
a continuation of the treatment, with formation of a tarr>^ deposit. 
When passed through a red-hot tube, methylamine is decomposed with 
formation of hydrogen and ammonium cyanides, methane, and 
hydrogen. 

Methylammonium chloride, NH.,Me,HCl, melts at 225-226°. }[eth \7- 
ammonmm pkrate, NITMc,C\,H307N3, melts at 215°. The plalink 
chloride, (McH^NO.PtCl,., is insoluble in alcohol, but soluble in 
boiling water, crystallising on cooling in beautiful golden-yellow scales. 


‘The reaction which occurs is very complex (A. W. Hofmann, Ber., 18S2. 15, 76O but 
the mam (Jccompositiun may be cxi)resstxl as follows; ^ ’ 

CH.i.CO.NKBr+3KOH-CO(OK)2 + KBr4-CHs.NHj. 

* Sec also 11. Quantin, Ann. Chitn. Anal., 1901, 6 , 135. 
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A method for the proximate analysis of the bases present in crude 
methylamine, based on the principles of the process described on page 
7, has been described by A. MiiJJcr {Bull. Soc. CJiim., 1884, 42, 202). 

Dimethylamine, NH (013)2. 

Dimethylamine occurs in Peruvian guano and pyroligneous acid, 
and is also present in the products of the distillation of vinasses. It is 
formed when lish undergo putrefaction. It often forms a large per- 
centage of commercial “trimethylaminc.” It is best separated from 
methylamine and trimethylamine by the action of nitrous acid, but, as 
already pointed out (page 8), a small proportion of trimethylamine is 
converted by this treatment into the secondary base. Dimethylamine 
may also be obtained pure by boiling 35 parts of nitroso-dimcthyl- 
aniline hydrochloride with a solution of 15 parts of potassium hy- 
droxide in 400 of water: 

C,H,(NO).NMe2,HCl4-KHO=KCl-}-CeH,(NO).OH+HNMe2. 

Dimethylamine boils at 7®, has a sp. gr. 0.686 at - 6°, and closely 
resembles the primary and tertiary methylamines. From the former 
it is at once distinguished by the non-formation of a precipitate on the 
addition of ethyl oxalate to the aqueous solution of the base (page 6), 
and the non-production of an isonitrile on treatment with alcoholic 
potassium hydroxide and chloroform. From trimethylamine it is dis- 
tinguished by the formation of a nitrosamine on treating it with 
nitrous acid. 

The platinkhloride, (Me2ll2N)2PtCla, crystallises in very long 
needles. 

Dimethylnilrosamine boils at 149°. 

Dimethylamine hydrochloride is remarkable in being soluble in 
chloroform, a fact which permits of its ready separation from ammo- 
nium chloride, which is insoluble in this solvent. 

Trimethylamine, N (€113)3. 

Trimethylamine is found notably in herring-brine, and has been 
detected in urine, unputrefied blood of the calf, cod-liver oil, and other 
animal fluids. It occurs in the Chenopodium vulvaria (stinking goose- 
foot), from the leaves of which it constantly exudes; Arnica mantana; 
Mercurialis annua; the blossoms of the pear, white- thorn (Crater gus 
oxyocantha), hawthorn, and wild cherry; and in ergot and other para- 
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sites of the vegetable kingdom. Tri methyl amine is also a product of 
the dry distillation of certain alkaloids, wood, etc., but especially of the 
vinasses or residue left after the distillation of the spirit from fermented 
beet-root mollasses. The bases obtained by the destructive distillation 
of this product arc derived from the betaine. 

The products of the destructive distillation of the “vinasses,”^ left 
after the distillation of the fermented beetroot-molasses, vary with the 
concentration of the liquid. As the proportion of water decreases, the 
quantity of ammonia increases, and the trimethylamine is replaced by 
the primary and secondary methylamines. The vinasses from different 
localities yield varying proportions of gaseous and liquid products on 
distillation, the nitriles and methyl alcohol appearing to be the most 
variable constituents.^ 


‘ The rinasses, or spent wash from the stills, is evaporated till it acquires a sp. gr. of i ..u 
when it is subjected to dry distillation in cast-iron retorts. The aqueous portion of the 
distillate contains: Ammonium carbonate, sulphydrate and cyanide; methyl alcohol, methyl 
sulphide, and methyl cyanide; various other substances of the fatty scries; and a large 
proportion of salts of trimethylamine. The tar yields, on distillation: ammoniacal liquor, 
various oils, pyridine bases, solid hydrocarbons, phenols, and pitch of superior quality. 
The aqueous liquid is neutralised with sulphuric acid and concentrated, when crystals 
of ammonium sulphate are deposited, and vapours of methyl alcohol are evolved together 
with methyl cyanide and other nitriles. The methyl cyanide is converted into ammonia and 
acetate by treatment with an alkali: CHj.NC + NaH 0 -l-H 70 = H3N + CH3.C00Na. The 
dark-coloured mothcr-liauors retain the trimethylamine sulphate, which is decomposed by 
distillation with lime, the vapours being passed into hydrochloric acid. The resultant 
solution IS boiled down till the temperature reaches 140®. Ammonium chloride crystallises 
out^on cooling, and the mother-liquor is separated and concentrated till the b. p. rises to 
200 , the product forming commercial trimethylamine hydrochloride, from which the free 
base may readily be obtained by treatment with lime or alkali hydroxide. 

* In a specimen of “commercial trimethylamine,” prepared from vinasses, Duvillier and 
Buisine found only from s to 10% of trimethylamine and some 50% of dimethylamine; 
while the remainder consisted of methylamine, propylamine, and isobutylamine in about 
equal proportions; the ethylamine being estimated at about 2%, and ammonia being absent 
[Compl. Rend., 1879, ® 9 i 48). The method employed by these chemists for the separation of 
the amines in question was as follows (Ann. Chitn. Rhys. 1881, 23, 289) : The aqueous solution 
of the free bases was treated with ethyl oxalate, t 


»n was as follows {Ann. Chitn. Rhys. 1881, 23, 289) : The aqueous solution 
treated with ethyl oxalate, the dense white precipitate of oxamides filt- 


ered off, the filtrate concentrated by distillation, and the further precipitate added to that 
previously obtained. By treating the precipitate with hot water it was separated into 3 
fractions. The most insoluble portion (i) consisted of dibutyloxamide (or possibly di-ii'o- 
butyloxamide), which melted and floated on the hot water, and on cooling formed a solid 
waxy mass. When recrystalliscd from alcohol, it was obtained in pearly needles. The 
butylamtne, obtained by distilling the oxamide with potassium hydroxide, had a faintly aro- 
rnatic odour, and yielded a slightly soluble platinichloride, crystallising in orange-coloured 
plates. Of the oxamides soluble in boiling water, the dipropyl compound (2) was first de- 
posited. It crystallised from alcohol in pearly needles melting at i ro^, and the propylamine, 
obtained from it gave an orange platinichloride. When the proportion of butylamine and 
propylamine was small, the authors preferred to utilise the comparative insolubility of their 
sulphate.s in alcohol to separate them from the other amines. The most soluble portion of 
the mixed oxamides (3) was deposited in opaque white needles or grains, and consisted of di- 
base obtained by distilling it with potassium hydroxide was con- 
verted into the sulphate, which on treatment with boiling absolute alcohol was obtained 
yielded pure niethylamine on treatment with potassium hydroxide, 
the mother-liquor separated from the oxamides of the primary amines was distilled with 
potassiurn hydroxide, and the dried gas collected in absolute alcohol. A portion of the solu- 
with standard acid, and the remainder gradually added to a quantity 

of ethyl oxalate sufficient for the action: Me,NH + EtjC 504 -(MeHN)iCj 02 + 2EtOII; 
in a the alkalinity to be wholly due to dimethylamine. The operation was conducted 
nr. ^ 1^* j which was surrounded with ice and continually shaken. When the action was 
wlnin •' 0". water-bath, and the alcohol and unchanged tri- 

"yto/ntne distilled off and collected in hydrochloric acid. It yielded a platinichloride in 
orange-red crystals, and was the only tertiary amine found in the mixture of bases 
under examination. 

I? distillation of the alcohol and trimethylamine 

consisted ot the ethyl dialkylated-oxamates, with traces of ethyl monalkylated-oxamates 
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Pure trimcthylaminc is best prepared in the laboratory by heating 
ammonium chloride (50 grm.) with 40% formaldehyde solution (440 
grm.) at 1 20° in an autoclave. The action is finished when the internal 
pressure has reached a value of 35-40 atms. (Kschweiler and Naeppen, 
Bcr., 1905, 38, 882). 


Physical Properties (see table, page 12). 

WTien pure and concentrated, trimcthylamine is stated to have a 
purely ammoniacal odour; but when highly diluted, the vapour has 
at the same time a smell of ammonia and a peculiar fishy odour sug- 
gestive of herring-brine. The latter odoiir is gradually developed by 
adding lime to a solution of the base, but requires some time to reach 
its maximum intensity (L. Taylor). 

Trimethylamine is apparently soluble in all proportions of cold 
water. ‘ 

A mixture of equal volumes of trimethylamine and water is inflam- 
mable. 

Trimethylamine is employed for preparing pure potassium carbonate 
from the chloride by a method analogous to the ammonia-soda process. 
.•\mmonia is not available, because of the nearly equal solubility in 
water of ammonium chloride and .potassium hydrogen carbonate, 
whereas the hydrochloride of trimethylamine is much more soluble. 

Trimethylamine might, prima facie, be supposed the active agent in 
Wollheim’s process of treating sewage with herring-brine and lime 
{Eng. Patent No. 15321, 188S); but those who have investigated the 
matter incline to the opinion that the bactericide is a hitherto unisolated 
sudstance they term aminol, produced by the action of lime on one of 

and oxainides of primary amines. It was treated with water, which caused hydrolysis; and, 
on neutralising the liquid with milk of lime, calcium cthylo-xamatc and prupyloxarnatc were 
thrown down, which on distillation with potassium hydroxide yielded vtliylaniint' , and 
propylamine. On treating the liltrate from the calcium oxamates precipitate with an 
equal volume of alcohol, a precipitate was formed from which warm water extracted calcium 
dirnethyloxarnatc, yielding dimclhylamine, on distillation with potash, while the less 
fioluljle rwrtion consisted of calcium rnunomcthyloxamatc, yielding inethylaniitie under simi- 
lar treatment. 

Eihylunine, which escaped detection on Duvillier and liuisine's first examination of the 
liases from vinasscs, owing to the small proportion present, was subsequently detected by 
distilling with potassium hydroxide the mother liquors obtained by treating the oxamidc-S 
with water, and converting the bases into sulphates. On treating these wdth absolute 
alcohol, methylamine sulphate remained. On distilling the soluble portion with alkali, 
collecting the liases in absolute alcohol, and treating the solution with ethyl oxalate, ns 
already described, the ethylamine was converted into a monoethyloxamatc, from which the 
calcium salt was prepared and decomposed by alk.ali. 

‘ According to Outhrie, the solubility of trimethylamine in w'.atcr is notably diminished 
by heating, the liquid becoming distinctly turbid (compare nicotine) from partial separation 
of the base. Thus a ro% solution of trimethylamine in water became turtiid at 22°; an H% 
at 24.5'’. and a 4% solution at about 42*^. Leo Taylor failed to confirm Outlirio's observa- 
tions, which were not improbably made on impure material (see, however, lender Trielhyl- 
amine). 
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the amines of herring-brine. Pure trimethylaminc employed without 
lime has not the same effect. 

Trimethylamine is distinguished from the primary and secondary 
methylamines by its negative reaction with alcoholic potash and chloro- 
form, ethyl oxalate, and nitrous acid, and by its solution in excess of 
hydrocliloric acid being precipitated by potassium ferrocyanide. 

Trimethylamine has been employed in medicine, and is said to have 
proved of value in the treatment of gout and acute rheumatism. (A 
description of its therapeutic effects will be found in the Year-Book of 
Pharmacy for 1873, pages 197-262.) ‘ 

rrimcthylamine combines wdth carbon disulphide at the ordinary 
temperature with great evolution of heat, according to the equation 
CS2+ (CIl 3 ) 3 N = N(CH 3 ) 2 .CS.S.CH 3 . The product, perhaps tri- 
methyl-thiocarbamic acid, is prepared more readily by passing gaseous 
trimethylamine into a mixture of carbon disulphide and alcohol. It is 
obtained on evaporating the solvent, in white rhombic needles, m. p. 
125 , and decomposes gradually at the ordinary temperature. It is 
soluble in dilute alcohol and water, but nearly insoluble in absolute 
alcohol, ether, chloroform, or benzene. Dilute acids combine with it 
to form salts, but strong acids and alkalies decompose it into carbon 
disulphide and trimethylamine. 

Trimethylamine Hydrochloride, hydrochlorate of trimethylamine, 
(CH3)3lINCl, is obtained by neutralising trimethylamine with hydro- 
chloric acid. It differs from ammonium chloride in being extremely 
deliquescent, and soluble in absolute alcohol. The fishy odour of the 
base liberated on treating the salt witli lime or alkali hydroxide further 
distinguishes it from ammonium chloride. With platinum tetra- 
chloride It unites to form the platinichloride, (Me3HN)2PtCl6, which 
crystallises in orange octaJicdra, sparingly soluble in absolute alcohol. 

When heated to 260-285°, trimethylaminc hydrocliloride is decom- 
posed witli formation of free trimethylamine, ammonia, and methyl 
chloride: 3 Mc 3 HNCl= 2 Me 3 N+H 3 N+ 3 McCl. This reaction has 
been utilised by Camille Vincent for the manufacture of methyl 
chloride. The vapours arc passed through hydrochloric acid, which 
absorbs the bases, while the gaseous methyl chloride passes on. It is 
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washed by dilute sodium hydroxide and dried by strong sulphuric acid, 
after which it is collected in a gas-holder, from whence it is pumped 
into strong wrought-iron cylinders, in which it is condensed to liquid. 
The vapour of liquid methyl chloride has a tension of 2.5 atmospheres 
at 0° and 4.8 at 20°. 

Separation and Estimation of the Three Methylamines and 
Ammonia. 

A method has been recently described by Bertheaume {Compt. 
Rend.y 1910, I 50 j 1251) which is based on the insolubility of ammo- 
nium chloride and mcthylamine hydrochloride in chloroform, i to 
2 grm. of the mixed hydrochlorides, dried at 110°, are dissolved in a 
small quantity of water acidified with hydrochloric acid and the solu- 
tion thoroughly mixed with at least 20 grm. of quartz sand. The 
mixture is thoroughly dried in a vacuum desiccator, extracted with 
pure warm chloroform, the extract evaporated to dryness and the 
residue weighed and dissolved in 2,000 times its weight of water. A 
known quantity of the solution (200 to 300 c.c. at most) is cooled to 
0° and a solution of iodine in potassium iodide (127 grm. iodine, 
1 50 grm. potassium iodide in 1,000 c.c. water) also cooled to 0° is added 
in such proportion that at least 30 c.c. are used per 100 c.c. of the 
methylaminc solution. The mixture is left at 0° during i hour, 
the crystals of trimcthylamine periodide are filtered off in a funnel 
plugged with glasswool, drained, and washed with a cold mixture of 
the above iodine solution and water (1:3). The crystals are then dis- 
solved in normal sodium sulphite solution, the solution distilled with 
excess of sodium carbonate in a Schlocsing apparatus and the tri- 
methylamine estimated volumetrically in the distillate. The dimeth- 
ylamine is similarly estimated in the mother liquor from the trimcth- 
ylamine periodide. The residue insoluble in chloroform is dried to 
remove chloroform and then extracted with hot water. In the solu- 
tion the mcthylamine and ammonia are separated by Francois’ 
method {Compt. Rend., 1907, I44) 857) as follows: 

Five-tenths grm. of the carefully dried hydrochloride is placed in a 
250 c.c. flask and 7 c.c. of a 30% solution of sodium hydroxide, 10 c.c. 
of a 20% ^lution of sodium carbonate and 5 grm. of yellow mercuric 
oxide added. The mixture is diluted to the mark with water and 
agitated for i hour. The freedom of the supernatant liquid from 
ammonia should then be ascertained by adding a few c.c. to a Nessler 
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solution made by dissolving 22.7 grm. of mercuric iodide, 33 grm. of 
potassium iodide and 35 grm. of sodium hydroxide in 1 litre of water. 
The Nessler solution, when heated to boiling, gives a reddish-brown 
precipitate if a liquid containing as little as 0.002% of ammonium 
chloride is added, but gives no precipitate with methylamine. The 
methylamine in the supernatant liquid free from ammonia is then 
estimated by Schloesing’s method using litmus as indicator and 
barium hydroxide as standard alkali. The ammonia remains in com- 
bination with mercuric oxide, and may be obtained by washing the 
latter with water containing sodium hydroxide and carbonate, placing 
it in a Schloesing’s apparatus and adding 50 grm. of potassium iodide 
which liberates ammonia. The latter is then estimated in the usual 
manner. 

In presence of large quantities of afnmonia and only relatively small 
proportions of the amines, the above described process of separating 
the methylamines needs modifying, Jarry’s method of eliminating 
ammonia being employed (Bertheaume, Compt. Rettd., 1910, 1 51, 146). 
The liquid is placed in the first of a series of 4 Durand wash bottles, 
(600-800 c.c. capacity) with about 6 times the quantity of hydrochloric 
acid necessary to neutralise the estimated quantity of amines present. 
A similar quantity of hydrochloric acid, diluted to 50-100 c.c. with 
water, is placed in each of the other 3 wash bottles. 2 large wash 
bottles (each of 1,000 c.c. capacity) containing i:i hydrochloric 
acid sufficient to neutralise the whole of the ammonia, complete the 
series. A rapid current of air is aspirated through the vessels until the 
contents of the first 4 are neutral: these 4 now contain the whole 
of the mono- and di methylamines together with a little ammonium 
chloride. The united liquids are evaporated to a few c.c., mixed with 
quartz sand and treated by the method already given for separating 
methylamine and dimethylamine. The other 2 wash bottles contain 
the trimethylamine and the whole of the ammonia save the small 
portion remaining with the other amines. The liquid is evaporated 
to 500 C.C., cooled to 0°, excess of ammonium chloride separated and 
the trimethylamine estimated as periodide. 

Ethylamines. 

The ethylamines are obtainable in the manner already described 
(page 2). A convenient source of the primary amine, is 

the crude ethyl chloride obtained as a by-product in the manufacture of 
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chloral (A. W. Hofmann, Ber.^ 3, 109, 776). When ethyl chloride is 
heated to 90° under pressure with an equivalent proportion of strong 
aqueous ammonia, a layer of triethylamine containing ammonia is 
formed, while the aqueous liquid contains the hydrochlorides of ethyl- 
amine and diethylamine. When a similar mixture of aqueous ammo- 
nia and ethyl chloride is heated under pressure to 150^, H^NCl, KtHg- 
NCl, and Kt^XCl are the chief products, only traces of Kt JLNCl and 
Et;,HNCl being formed. 

The ethyl amines can be separated by methods already described. 
They present the closest analogy to the corresponding methyl bases. 
Various differences between the 3 amines arc described on pages 4, 5 
and 6. The following table shows other of their characteristic 
properties. 




Kthylarninc 

Diethylan.ine 

Triethylamine 


Formula 


(C.dl.,)H:.\' 

(C.H.,):HX 

( 0 : 11.9 jN 


IJoilinji-point, . 


1 '> ' 




Specific gravity 


o.h()64 

0. 7o6i 

; \"o .7377 




‘0.708 

yo.706 
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zinc 
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excess. 

Precipitate insoluble 
, in excess. 
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ble in excess. 
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with nitrous ac 
a salt (jf the 
with sixliurn 
dilution). 

V.ioilod 
•id (nr 
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nitrite 

Alcohol and nitro,(cn. 

i 

Diethylnitrosamino; 
a neutral oily liquid 
boiling at and 

distilling with steam. 

L'nchangcil. 


Hydrochloride.. 


Deliquescent lamiivc i 
and prisms. | 

. - - 1 

N'on -del i u c s c e n t 
plates. 

N <■) n (.1 e 1 if^uesr 
larranie. 

ent 

Platinichloride. 


Hexagonal rhombo- | 
, hedra; moderately 

I .soluble in water. | 

.Monoclinic : mo<le- 

ratcly soluble. 

.Mor.nolinic; v 

, soluble. 

cry 

Acid ferrocyani 

de 

Soluble : 

! 

Soluble 

\'rrv si»aringly solu- 
Ido. 


Triethylamine mixes with water in all proportions below 18^, but 
on raising the temperature the solution becomes turbid and separates 
into two layers. For the mutual solubility of triethylamine and water 
sec Rothmund {Zeit. PJiys. Clicm.y 1898^ 26, 433). 

Tetralkylammonium Bases. 

Tetralkylammonium iodides result from the action of alkyl iodides 
on tertiary amines; action generally takes place at the ordinary tempera- 
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ture, with evolution of heat. Trimethylamine combines in the same 
way with methyl chloride to form NMe^Cl, but it does not combine 
with ethyl chloride at the ordinary temperature even under a pressure 
of 50 atm. The tetralkylammonium chlorides as a rule are best 
obtained by digesting the corresponding iodides with silver chlorides: 
NMe AgCl= Agl+NMe^Cl. In a similar way the sidphates may 
be obtained with the aid of silver sulphate. All these salts are crystal- 
line compounds which generally dissociate on heating, giving the 
tertiary amines: NMeJ^^^NMeg-f McI. In the decomposition of mixed 
ammonium haloids containing methyl groups, the methyl radical 
generally separates from the nitrogen atom, e. g.j NMeEt3Cl=NEt3 
-fMeCl. 

The tetralkylammonium iodides combine with iodine to form 
mtensely coloured tri-iodides, penta-iodides, hepta- and ennea- 
iodides, e. g., NMeJ, Ij; NMeJ, I,,; etc. 

The tctra-alkylammonium iodides cannot be decomposed by 
aqueous potassium hydroxide, even on heating, but react with freshly 
precipitated silver oxide to form silver iodide and the tetra-alkyl 
ammonium hydroxides. These hydroxides are non-volatile, syrupy 
or solid deliquescent substances, of highly caustic, alkaline character, 
presenting, as a class, a strong analogy with potassium hydroxide. 
Many of them have marked poisonous characters. 

It is possible to liberate the tetralkylammonium bases from their 
halogen salts by potassium hydroxide if a solvent is used in which the 
potassium haloid is sparingly soluble. Thus, for example, in methyl 
or ethyl alcohol, the action NMe4Cl + KOH = NMe^.OH+KCl takes 
place with precipitation of potassium chloride. (Walker and Johnson, 
Trans., 1905, 87, 955). On filtering, adding a little water, and con- 
centrating in vactio, crystalline hydrates are obtained. The hydrate, 
NMe^.0H,5H20, hasm. p. 62-63°; 100 parts water dissolve 151 parts 
at 0° and 220 parts at 15°. NMe^0H,3ll20 has m. p. 59-60° and when 
warmed in a vacuum at 35° gives NMe40H,H20, which decomposes 
when heated at 130-135°, forming trimethylamine. 

It is noteworthy that the mixed tetralkylammonium bases containing 
methyl, unlike the haloids, generally retain methyl in combination with 
nitrogen when decomposed by heat while ethyl groups separate in the 
form of ethylene, e. g., 

NMe(C2H02(C5Hj,).OH=NMe(C2H5)(C5H,J-bC2H,-|-H2O. 

Tetrethylammonium iodide, (C2H5)^NI, is prepared by expos- 



22 


AMINES AND AMMONIUM BASES. 


ing a mixture of equivalent proportions of triethylamine and ethyl iodide 
to a temperature of ioo° for a few minutes in a ilask lilted with a reflux 
apparatus, or preferably in a sealed tube. Violent action ensues, and, 
on cooling, the product sets to a dark mass of crystals. On dissolving 
in water, and allowing the solution to evaporate spontaneously, the 
iodide is obtained in extremely bitter crystals of considerable size, 
which, when pure, are colourless, but are apt to be mixed with 
reddish crystals of the tri-iodide, (C2H5)^NI,l2. 

Tetrethylammonium iodide is not volatile at ioo°, but when rapidly 
heated in a retort to a higher temperature melts and is decomposed into 
ethyl iodide and trimethylamine, which form separate layers in the 
receiver but re-unite to produce the original compound. 

Tetrethylammonium iodide is not apparently decomposed by treat- 
ment with potassium or sodium hydro.xide, but is much less soluble in 
caustic alkaline solutions than in water. Hence, on adding e.\cess of 
potassium hydroxide to its concentrated aqueous solution, a solid 
crystalline mass is produced. This behaviour sharply distinguishes 
the iodide of tetrethylammonium (and of other compound ammo- 
niums) from the compounds EtjHNT, EtjNHI, and EtllgNI, which 
are at once decomposed by alkali hydroxide witli liberation of the 
corresponding amines. The aqueous solution of tetrethylammonium 
iodide reacts with silver nitrate or sulphate to form a precipitate of silver 
iodide and a solution of the tetrethylammonium nitrate or sulphate. 

Tetrethylammonium hydroxide, (C2ll5)^N.OH, is obtained in 
solution by adding freshly-precipitated oxide of silver to a dilute and 
warm solution of tetrethylammonium iodide, until the brown colour 
of the silver oxide ceases to change into the lemon-yellow of the iodide. 
The solution is then filtered, and may be evaporated to a considerable 
extent at a gentle heat, but further concentration must be conducted 
in vacuo, at the ordinary temperature, over sulphuric acid and lime. 
Long, hair-like, deliquescent needles of the base are deposited, but 
these subsequently disappear, and the liquid ultimately dries up to a 
semi-solid mass. 

Tetrethylammonium hydroxide presents the closest analogy to 
potassium hydroxide. It is highly deliquescent, absorbs carbon 
dioxide from the air, and the aqueous solution has a strong alkaline 
reaction. It has an alkaline, caustic, and extremely bitter taste, and 
in a concentrated state bums the tongue and acts on the skin like 
potassium hydroxide. With metallic solutions it behaves like the 
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alkali hydroxides except that aluminium hydroxide is soluble with 
difficulty in excess of the base and chromium hydroxide is insoluble. 

A moderately concentrated solution of tetrethylammonium hydroxide 
may be boiled without decomposition; but in a concentrated state, even 
at 100°, the liquid froths strongly, and the base is resolved gradually 
but completely into triethylamine, ethylene, and water: (CjHj^N.OH 

(C2H5)3N4-C2ll4 + H.OH. This action affords a convenient 
means of obtaining triethylamine unmixed with the primary and 
secondary amines. 

When a solution of tetrethylammonium hydroxide is boiled with a 
slight excess of ethyl iodide for 24 hours, under a reflux condenser, 
the solution becomes perfectly neutral, the following action occurr- 
ing: (C2H3)4N.0H+C2HJ = (C2H5)4NH-C2H5.0H. 

Tetrethylammonium hydroxide also hydrolyses ethyl oxalate, and 
saponifies fats as readily as potassium hydroxide. 

On adding potassium hydroxide and potassium iodide to a strong 
solution of tetrethylammonium hydroxide, a white crystalline mass of 
tetrethylammonium iodide is produced. 

The salts of tetrethylammonium are mostly crystallisable and readily 
soluble. 

Tetrethylammonium chloride^ (C2H5)4NC1, obtained by neutralising 
the hydroxide with hydrochloric acid, is crystalline and highly deli- 
quescent. If forms double salts with auric, mercuric, and platinic 
chlorides. Tetrethylammonium platinkhloride, (Et4N)2PtCl3, is thrown 
down immediately as an orange-yellow precipitate, consisting of micro- 
scopic octahedra, on adding platinic chloride to a solution of tetrethyl- 
ammonium chloride. It is slightly soluble in water, and less soluble 
in alcohol and ether. 

For the resolution of asymmetric tetralkylammonium compounds 
into optically active components by means of d-camphorsulphonic 
acid, see Pope and Peachey, Trans., 1899, 75, 1127, and Pope and 
Harvey, Trans., 1901, 79, 828. 

HYDRAZINES. 

Hydrazine. Diamidogen. Diamide. N2H4 or HjN.NHj. 

Hydrazine is obtained by the decomposition of triazo-acetic add by 
heating it with water or mineral adds, when the following action 
occurs: 

C,H 3 N,(C 00 H), + 6 H, 0 = 3N2H4 + 3C2H2O4. 

Tnazo-acetic acid. Water. Hydrazine. Oxalic acid. 
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The oxalic acid is more or less split up, according to the tem- 
perature and the strength of the acid employed, into carbonic and 
formic acids, so that when only water is used the hydrazine separates 
as a formate; but if a mineral acid be present it forms the correspond- 
ing salt. 

Hydrazine hydrate (infra) is best prepared (Curtius and Schulz) 
by distilling a mixture of ii parts of hydrazine sulphate with 4 of 
potassium hydroxide and i of water in a silver retort provided with 
a silver condenser. When the last drop has passed over, the distillate 
is fractionated. After four fractionations the last portions boil con- 
stantly at 119°. Curtius and Jay {J&ur. Prakt. Chem.^ 39, [//], 27) 
prepare hydrazine hydrate by heating the hydrochloride of the base 
with calcium oxide in a silver retort, and passing tlie vatx>urs through 
a heated silver tube containing anhydrous lime. 

Free hydrazine, NHo.NII,, is obtained by decomposing the hydrate 
with barium oxide or from its hydrochloride by the action of sodium 
in absolute ethereal or methyl alcoholic solution (Lobry de Bruyn, Rec. 
Trav. CJiim., 1894, 13, 433; 1896, 15, 174). It has b. p. 113.57761.5 
mm.; 56771 mm.; .sp. gr. 1.014 at 15°. 

A rapid means of preparing hydrazine .sulphate for lal)oratory 
purposes is given by Raschig (/Irr., 1907, 40, 4588), based on the 
action of ammonia on monochloramine, NFRCl, prepared by the 
interaction of ammonia and sodium hypochlorite. 

Hydrazine has an extraordinary affinity for water, readily forming 
the hydrate N2H^,H20. This is a liquid which fumes in the air, 
b. p. 119'^. 

The solution of hydrazine turns reddened litmus-paper a deep blue, 
and gives white fumes with acid vapours. In a concentrated state it 
has a very peculiar odour, only slightly resembling that of ammonia. 
It powerfully affects the nose and throat, has an alkaline taste, 
and leaves a burning sensation on the tongue. WTicn boiling, the 
solution attacks glass, and quickly destroys corks and india-rubber. 
Hydrazine, like hydroxylamine, is a strong poison of universal 
character. 

Hydrazine reduces Fehling’s solution and ammoniacal silver nitrate 
in the cold. With copper sulphate it yields a red precipitate, with 
mercuric chloride a white precipitate, and precipitates alumina from a 
solution of alum. With aromatic aldehydes and ketones it yields 
sparingly soluble crystalline compounds. 
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Salts of Hydrazine. 

Hydrazine combines with i or 2 molecules of monobasic acids 
to form very stable salts, which are usually crystalline and isomorphoiis 
with the corresponding ammonium salts. The salts IIz,2HR ciystal- 
lise in the cubic system and are readily soluble in water, but nearly 
insoluble in alcohol. The mono-acid salts, HzHR, are easily soluble 
in water and warm alcohol, from which they crystallise well. The 
salts of both classes are insoluble in ether, benzene, etc. In acid 
solution, the salts of hydrazine possess remarkably strong reducing 
properties, and arc powerfully toxic toward the lower organisms. 
Peptone solutions containing 0.1% of hydrazine sulphate are unable to 
support bacterial life. 

Hydrazine dihydrochloride, N2H4,2HC1, crystallises from hot water 
in large glassy octahedra that are freely soluble in water, but less so in 
alcohol. On treatment with platinum tetrachloride it does not yield 
a platinichloride, but is decomposed with evolution of nitrogen. It 
melts at 198°, with evolution of hydrochloric acid, to a clear glass 
consisting of the monohydrochloride, N^PI^HCl, and this on further 
heating to 240° is decomposed into ammonium cldoride, nitrogen, 
and hydrogen. 

Hydrazine sidphate, N2H^,H2S04, is somewhat sparingly soluble in 
water. 

Salts of hydrazine in solution are decomposed by sodium nitrite, 
with evolution of gas, attended by much frothing. The reaction is 
analogous to the decomposition of ammonium salts by a nitrite, with the 
difference that whereas in the latter case {a) nitrogen is formed, in the 
case of hydrazine {h) azoimide, HN3, is found among the products of 
tile action: 

(a) NH3,HC1 + NaNO.,- NaCl + 2H2O + N2. 

{b) N2H4,IIC1 + NaN02 = NaCl + 2H2O + HN3. 

Detection of Hydrazine. 

I. Benzaldehyde gives with its solutions, alkaline or acid, dilute or 
concentrated, yellow flocks of benzalazine, CHPh:N.N:CHl^h, m. p. 93. 
2. In solutions more dilute than 1:2,000, copper sulphate gives a 
sparingly soluble blue double salt, CuS04,(N3H5)2S04 (Curtius and 
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Schrader). 3. Hydrazine reduces gold chloride in acid solution, a fact 
which distinguishes it from hydroxylamine. 

Estimation. 

1. By measuring the iodine absorbed by a known volume of its 
solution (Curtius and Schulz). This is obviously practicable only 
in the absence of other substances which absorb iodine. According 
to Stollc (/. Pr. Cliem.j 1902, 66, 332) hydrazine or its salts can readily 
be titrated with iodine solution in presence of sodium hydrogen carbon- 
ate: the action is N;,H^-f-2l2=:N2 4-4HI. The sodium hydrogen car- 
bonate is added and the solution immediately titrated with standard 
iodine in presence of starch as indicator. As the action finishes slowly 
the final colouration should persist at least 2-4 minutes. Rupp (/. 
Pr. Chem., 1903, 67, 140) advises dissolving the hydrazine sulphate 
in aqueous potassium hydrogen carlx>nate, leaving for 15 minutes with 
excess of N/io iodine and then estimating the excess of iodine with 
sodium thiosulphate. The use of potassium tartrate or sodium acetate 
in place of potassium hydrogen carbonate is said to give better results 

2. By measuring the nitrogen evolved when shaken with Fehling’s 
solution. 

3. By measuring the potassium permanganate required for its 
oxidation in sulphuric acid solution (6-12%). (Petersen, Zeit. 
anorg. Chem., 5, i.) 

4. RiminPs method (Gazzetla, 1899, 29 [i], 265) is based on the 
following reaction: 

5(NH2.NH2,H2S0,)-h4KI03=5N2+ 

1 21130-1-2X2504 4 - 3H2SO4 -I- 2lj. 
A known volume of a standard solution of potassium iodate is added 
to the solution of hydrazine sulphate so as to be in slight excess. The 
liquid is then boiled over a flame until colourless, showing that the 
iodine is expelled, and after cooling and acidifying with dilute sulphuric 
acid the remaining excess of iodate is titrated with thiosulphate in the 
usual way. 

5. According to Stolid {loc. cit.) hydrazine sulphate can be titrated 
with potassium hydroxide using methyl orange as indicator; the 
action which occurs is as follows: 

2N2H4,H2S04-f 2 K 0 H= (N2H4)2,H2S04 -f K2S04-f 2H2O. 

6. Ebler^s gasometric method {Zeit. anorg, Chem., 1905, 47, 377) ‘ 
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is based on the reduction of mercuric salts, for example mercuric 
chloride, according to the equation: N2H4+ 2HgCl2= 4HCI+ 2Hg+ N2. 
The mercuric salt is dissolved in 10 c.c. of dilute hydrochloric acid, 
5 grm. of sodium acetate dissolved in 10 c.c. of water are added and 
the whole introduced into a flask (500-700 c.c.) fitted with a ground 
stopper carrying (i) a tap funnel, (2) a tube passing to the bottom of 
the flask through which CO2 can be introduced, and (3) a reflux con- 
denser the inner tube of which can be connected with a Schiff’s 
nitrometer. Carbon dioxide is passed through the flask until all air is 
expelled, the liquid being maintained just below loo*^. The solution 
of the hydrazine salt is then added very gradually, and CO2 is passed 
continuously until the volume of gas in the nitrometer ceases to increase. 
The volume of nitrogen may be measured direct in the nitrometer if 
graduated in the usual way, or the gas may be transferred to a Hempel’s 
gas burette. 

7. Hofmann and Kuspert {Ber., 1898, 31, 64) measure the nitrogen 
evolved from the hydrazine salt when oxidised by vanadic acid, thus, 
N2H4-f-02 = N2-f 21100; or the amount of vanadic acid used in the 
oxidation may be estimated by means of permanganate. 


N 

Azoimide. Iminazoic Acid. HN3=HN<^ || 

Azoimide is obtained in the form of its sodium derivative, with a 
yield of 50%, by the action of nitrous oxide on sodamide: N2O -f NH,Na 
= NaN3 + H20 (Wislicenus). It can also be obtained by passing 
nitrous fumes into a solution of hydrazine sulphate at 0°: NH2.NH2-h 
HN02=N3H-f 2H2O (Angeli). Curtius, who discovered it, prepared 
it {Ber,, 1890, 23, 3023) by decomposing nitroso-hippurylhydrazine, 
NHBz.CH 3.CO.N(NO).NH2, with dilute sodium hydroxide, which 
splits it up into hippuric acid and the sodium salt of azoimide: 
NHBz.CH2.CO.N(NO).NH2-f- 2NaH0= 

NHBz.CH2.C00Na+2H20+NaN3. 

On distilling the compound NaN, with dilute sulphuric acid, 
azoimide volatilises with the steam, which when passed into a neutral 
solution of silver nitrate gives a precipitate of the silver salt. This is 
washed and decomposed by dilute sulphuric acid, this solution being 
used instead of silver nitrate to absorb the vapours of azoimide. By 
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repeating this process, a solution containing 27% of the new acid is 
ol)tainable. It can be obtained by several other metliods. 

In the anhydrous state, azoimide is a colourless gas of a peculiarly 
nauseous odour, and condensible on cooling to an extremely explosive 
liquid wliich ])oils at 37'^. It is very soluble in water, and on distilla- 
tion of the liquid a concentrated acid passes over, the distillate gradu- 
ally becoming weaker until an acid of constant composition and 
b. p. distils. The solution reddens litmus, and gives white fumes 
with ammonia, of the salt or N,H,„ which sublimes com- 

pletely at 100°, but does not crystallise in the cubic system like ammo- 
nium chloride. Iron, zinc, copper, aluminium and magnesium dissolve 
readily in dilute iminazoic acid (7' ; ) with evolution of hydrogen, and 
gold is dissolved with formation of a red salt. The silver (AgX,,) and 
mercurous salts of iminazoic acid are insoluble, the former closely 
resembling silver chloride, but not blackening in the light. Both the 
.silver and the mercurous salts are extraordinarily exj^losive, 0.001 grm. 
of the former indenting an iron plate on which it is heated to 250°. 
Barium azoimide, BaX„, .separates from concentrated solutions in short 
shining anhydrous crystals, which ex[)lo<le with a green tlash when 
heated or exposed to a strong green light. 'Fhe solution of cupric 
azoimide deposits cuprous oxide on boiling. 1'he free acid is liberated 
from any of the iminoazoates by treatment with dilute sulphuric acid. 
By concentrated sulphuric acid, the azoimide is itself decomposed. 
Izsters of iminazoic acid have been prepared, phenyl iminazoati*, PhX.,, 
being identical with the diazobcnzolimide previously described by 
Clriess. 


SUBSTITUTED HYDRAZINES. 

Hydrazine is the parent of a large and imj)ortant class of bases 
generally called hydrazines, one member of which, phenylhydrazinc, 
( ^fjH^jXH.XHo, has proved, in the hands of K. Fi.scher and others, a 
reagent of the highest importance. By replacing a second atom of 
hydrogen by {c. g.) phenyl, secondary liydrazines may be obtained 
either symmetrical like hydrazobenzenc, (CJIJIIX.NH(C„II J, or 
unsymmetrical like diphenylhydrazinc, (CJIO^N.NIIj. The iattcr 
class resemble the tertiary amines in their pow’cr of reacting with the 
haloid salts of the alkyl radicals (e. g., ethyl iodide) to form hydra- 
zonium compounds, R2N.NH2 + Alkl= lAlkR^N.NH,. 
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The hydrazines containing fatty alkyl-radicals are liquids boiling 
without decomposition; those of the aromatic series are readily fusible 
solids or oily li{iuids, and are partially decomposed on distillation. 
Hydrazine itself and some of the fatty derivatives are di-acid bases; 
but the hydrazines of the benzene series have all monobasic functions. 

The hydrazines closely resemble the amines, but are distinguished 
from the latter by their capacity of reducing Fehling’s copper solution, 
in many instances at the ordinary temperature. The product of the 
oxidation of the hydrazine is the corresponding amine. Thus, diethyl- 
hydrazine, (C.,H5 )mN.NIT, is oxidised to diethylamine, (C2H5)2lIN. 

The general and special characters of the hydrazines are sufficiently 
excmplitied by two typical species, ethylhydrazine and phenylhydrazine. 

Ethylhydrazine. (CoHJHN.NHo. 


On treating diethyl-carbamide witli nitfous acid, a nitroso-compound 
is formed, which on reduction with zinc-dust and acetic acid is converted 
into dicthyl-semicarbazide. 

/NH(C2H,) /NH(C2H,) /NiKcyi^) 

\NH(ca 4 ) VNiNOCC.Iti) ^^\N(XH,)(CjH5) 

J)icthyl-c‘arbami(k-. Nitroso-com]H)uml. Diet liyl-semicarbazide. 

This carbamize decomposes, on heating with strong hydrochloric 
acid, into ethylhydrazine, cthylamine, and carbon dioxide: 
NH(C2ll5).C0.N(NH2)C,,H5-i-H20 = 

nk.(NIl2)(C2H,)-{-C2H,NH2 f CO 2 . 


Primary hydrazines can also be obtained by heating the potassium 
salts of alkylsulphuric acids with hydrazine hydrate (Stolle, 1902) and 
by the reduction of nitroamines. 

Ethylhydrazine hydrochloride is less soluble than tlic corresponding 
salt of ethylamine, and may be separated from it by crystallisation. 

Ethylhydrazine is a colourle.ss, mobile liquid of ethereal and faintly 
ammoniacal odour. It boils at 99. 5*^ under 709 mm., and distils 
undecomposed. It is very hygroscopic, forming white fumes with 
moist air, dissolves in water and alcohol with evolution of heat, and 
corrodes cork and caoutchouc. 

Ethylhydrazine gives Hofmann’s isonitrile reaction for primary 
amines with chloroform and alcoholic potassium hydroxide. Bromine 
decomposes it with evolution of nitrogen, and it is also decomposed by 
nitrogen trioxidc. 
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Ethylhydrazine is a very powerful reducing agent. It reduces 
Fehling’s copper solution at the ordinary temperature and liberates 
silver from its oxide. It yields a black precipitate with Nessler’s 
solution. 

Ethylhydrazine reacts with aldehydes, with evolution of heat, to 
form ethylhydrazoncs, R.CH.-NiIICCjHg). 

Potassium pyrosulphate, KjSjOy, acts on ethylhydrazine to form 
potassium cthylhydrazinc-sulphonate, (C3H5)HN.NII(SOgK), which, 
on treatment with mercuric oxide, gives potassium diazo-etliane- 
sulphonate, C2H5.N:N.(S03K), a substance which explodes violently 
when warmed, and otherwise resembles the diazo-benzene-sulphonates. 

Asymm. diethylhydrazine, (C2H5)2N.NH3, is obtained by the 
reduction of the nitroso-derivative of diethylamine: (C-JIgl^N-NOd- 
2H2= (CJIJjN.NHj-f HoO. It boils at and closely resem- 

bles ethylhydrazine, but does not reduce Fehling’s solution unless the 
liquid is heated. It unites with ethyl iodide to form the compound 
(03113)3X2112!, which on treatment with oxide of silver yields a 
strongly alkaline solution of triethylazonium hydroxide, (('3115)3X2- 
IIjOH, a powerful base analogous to tetrethylammonium hydroxide 
(page 22); when heated with water, this decomposes into ethylene, 
diethylhydrazine, and water. Mercuric oxide, even in the cold, con- 
verts asymm. diethy hydrazine into tetracthyltetrazone, (€2115)2- 
X.X^:X.X'(C2ll5)2, a co ourle.ss, strongly basic oil, volatile with steam, 
which yields a metallic mirror with ammoniacal silver nitrate. 

Sym. diethylhydrazine , XHEt.NHEt, boils at 84-86°, and is con- 
verted by oxidation with mercury oxide into mercury ethyl, HgEtj, 
nitrogen being evolved; nitrous acid transforms it into ethyl nitrite, 
and concentrated hydrochloric acid splits it up into ethyl chloride and 
ammonium chloride. 

M ethylhydrazine, XHMe.XHj, has b. p. *87°; asymm. dimethyl- 
hydrazine boils at 63° and has sp. gr. 0.801 / 1 1°; sym. dimethylhydrazine 
has b, p. 50-60.° 

Phenylhydrazine. (CiH5)HN.NH2. 

Phenylhydrazine is prepared by the action of reducing agents on 
diazobenzene salts, CjH5N:NX. Thus benzenediazonium chloride 
may be reduced by the calculated amount of stannous chloride and 
hydrochloric acid; or the potassio-sulphite with zinc-dust and acetic 
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acid, the product being subsequently decomposed by boiling with 
hydrochloric acid: 

CeH 5 .HN.NH.S 03 K+HCl + H^O = KHSO, + CeHs.HN.NH^.HCl.^ 

Phenylhydrazine is generally a colourless crystalline mass which 
melts at 23° to a slightly yellow oil and boils, with slight change and 
evolution of ammonia, at 241-242°. It distils unchanged at 120° 
under 12 mm. pressure. It volatilises in a current of steam, but not 
very readily. Phenylhydrazine dissolves sparingly in cold water, more 
readily in hot, and very readily in alcohol, ether, chloroform, and 
benzene. 

Phenylhydrazine is readily oxidisable, and becomes red and ulti- 
mately dark brown on exposure to air, from absorption of oxygen. 

Phenylhydrazine has well-marked antiseptic properties, and a 0.1% 
solution of the hydrochloride has been recommended as a sub- 
stitute for one of mercuric chloride of equal strength {Pliarm. Jour, 
[x;], 19, 608). 

Under certain undetermined conditions, contact of phenylhydrazine 
with the skin produces troublesome sores. 

Phenylhydrazine has well-marked basic properties, and forms well- 
crystallised salts, The hydrochloride crystallises from hot water in 
small, thin, lustrous plates, and is almost completely precipitated from 
its aqueous solution by concentrated hydrochloric acid, a reaction by 
which phenylhydrazine may be readily separated from aniline and 
several other bases. 

Solutions of the hydrochloride and other salts of phenylhydrazine 
act as powerful reducing agents. They reduce the salts of silver, 
mercury, gold, and platinum in the cold. Freshly-precipitated mercuric 
oxide is reduced, a salt of diazobenzene being reproduced. Fehling’s 
solution is reduced in the cold, with evolution of nitrogen and precipi- 
tation of cuprous oxide, aniline and benzene being simultaneously 
formed. 

Phenylhydrazines as a class are converted by aqueous copper sulphate 
into the corresponding aromatic hydrocarbon. This reaction affords 

‘ Phenylhydrazine is best obtained, as described by V. Meyer, by disssolving i.ooo parts 
of aniline in 2,000 parts of concentrated hydrochlonc acid, cooling the solution by means, 
of ice, and then slowly adding an ice-cold solution of 75 parts of sodium nitrite in 400 c.c. 
of water. To the cold solution of benzenediazonium chloride. C«Hj.N ; N.Cl, so ob^ined, 
a solution of 450 parts of stannous chloride in an equal weight of hydrochloric acid is then 
added. The mixture soon sets to a white crystalline pulp of phenylhydrazine hydrochlorid^ 
C«HhN2H3,HCl, which is filtered or strained off, and washed with a mixture of alcohol and 
ether. The free base is obtained by dissolving the hydrochloride in water, adding 
sodium hydroxide, and amtating with ether, which is separated and evaporated. The 
product is purified by distillation. 
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a ready means of replacing an amino-group in an aromatic nucleus by 
hydrogen, the aromatic base being first converted into the correspond- 
ing hydrazine, which in the form of its hydrochloride or sulphate is 
added to a boiling solution of copper sulphate. 

If phenylhydrazine hydrochloride be treated with a cold solution of 
potassium nitrite, a nitroso-compound, C„H5(NO)N.NH2, separates 
in yellow flocks, which, on treatment with phenol and strong sulphuric 
acid, yield a brown solution, changing to green and blue. ( Liebermann’s 
test for nitroso-derivatives.) 

rhenylhydrazinc combines directly with carbon dioxide, carbon 
disulphide, and cyanogen. The sulphonic acid (para) is employed 
for the preparation of tartrazin and other dyes. 

Phenylhydrazides. — The acetyl-derivative of phenylhydrazine, 
CoH5.IiN.NH(C2H30), which may be regarded as acetphenyl- 
hydrazide, has powerful antipyretic properties, and has been introduced 
into German pharmacy under the name of “hydracclin.” The same 
substance is said to be the active ingredient of the preparation known 
as “pyrodine” (Pharm. Jaum. [///], 19, 425, 508, 1049). sub- 

stances seem to be uncertain in their action and dangerous in use; in 
fact, hydracetin is reported by Renvers to be a direct blood-poison, the 
antitliermic properties of which are really due to destruction of the red 
corpuscles. 

“Orthine” is the name given by R. Robert to ortliohydrazino- 
parahydroxy-benzoic acid; 

[ (01I)(‘) 

C,H3 (IIN.NIl2)(^) 
i (CO.OH)^^) 

The free base is very unstable; but the hydrochloride is stable, reduces 
the persalts of the heavy metals, and possesses a markotl antiseptic 
action. 

Phenylhydrazine in aqueous solution reacts very readily with the 
hydroxy-acids of the sugar group {e. gluconic and galactonic acids, 
C 5 H„( 0 H) 5 .C 00 H; arabinose-carl)Oxylic acid, CoHijOy) with elimi- 
nation of water, to form crystalline phenylhydrazides, R.CO.IIN.- 
NH(C<,H5). They are prepared by treating a 10 % solution of the acid 
or its lactone with a moderate excess of phenylhydrazine and an equal 
quantity of 50% acetic acid, and heating the mixture to 100° for 80 to 
120 minutes. The hydrazide sometimes crystallises from the hot 
solution, but more usually separates on cooling. Any free mineral acid 
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should be neutralised by sodium carbonate before adding the hydrazine, 
and bromides, chlorides and sulphates should be got rid of i)y adding 
acetate of lead. If a sugar be present, the osazone formed can usually 
be separated from the hydrazidc by crystallisation from hot water. 
The products are beautifully crystalline, those derived from monobasic 
acids being but little soluble in cold, and only with difficulty soluble in 
hot water, while those from polybasic acids (e. g., saccharic, meta- 
saccharic, and mucic) are still less readily soluble. The compounds 
from isomeric acids usually present a close resemblance in their physical 
properties, but the acids from which they are derived can be regenerated 
(in a pure state) by boiling the hydrazide for half an hour with 30 
volumes of 10% baryta water, which treatment hydrolyses them com- 
pletely. From the product, the phenylhydrazine is extracted by 
agitation with ether, and the aqueous liquid, with any precipitate which 
may have been formed, is boiled and treated with sulphuric acid in 
quantity sufficient to precipitate the barium as BaSO^. The filtered 
liquid yields the free acid or lactone on evaporation (Fischer and Pass- 
more, Ber., 1889, 22, 2728). 

The hydrazides are colourless and readily hydrolysed by alkalies and 
baryta. They can be readily distinguished from the hydrazones by 
the reddish-violet colouration they give when dissolved in strong 
sulphuric acid and treated with a drop of ferric chloride solution. 

Detection of Phenylhydrazine. 

Simon (Compl. Rend., 1898, 126, 483 and Bull. Soc. Chim., 1898, 19, 
299) has given the following test for detecting phenylhydrazine and 
its substituted derivatives, which behave in the same way: The test 
is capable of detecting phenylhydrazine in a solution of i in 50,000. 
The solution is momentarily warmed with a few drops of aqueous 
trimethylamine and several drops of a solution of sodium nitroprus- 
side are then added. A colour varying from blue to green is pro- 
duced which becomes more pronounced on adding a little concen- 
trated potassium hydroxide solution. If a little acetic acid be added, 
either before or after the potassium hydroxide, the colour is of a sky- 
blue shade. Added in excess, acetic acid causes the colour to dis- 
appear. Ether and alcohol do not affect the test but chloroform and 
benzene interfere with it. Acetone gives its own colouration (the red 
of LegaPs test). Mineral or organic acids retard the production of 
Vol. VI.— 3 
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colour until after the addition of potassium hydroxide. Ammonia 
does not interfere with the test. On heating the blue coloured liquid 
the tint becomes red when potassium hydroxide is present and clear 
yellow when it is absent. Simon’s reaction is not given by hydra- 
zones and seems to be characteristic of phenylhydrazine and its sub- 
stituents. Negative results are given by formyl and benzoylphcnyl- 
hydrazine (i. e., substituted compounds of the type Ph.NII.NH.Ac.). 

The blue colour is easily distinguishable from that given by alde- 
hyde with the same reagents by its persistence in the presence of 
potassium hydroxide, ammonia and acetic acid. 

Rimini (Ann. Farm.^ i 8 q 8, 102) states that pure trimethylamine 
does not give the above reaction but that it is due to the presence of 
formaldehyde which can be substituted with advantage in the test 
(see Vol. I, p. 258}. 

Estimation of Phenylhydrazine. 

Causse’s method is as follows (Compt. Rend., 1898, 125, 712). It 
is based on the reduction of arsenic acid according to the equation 
AsjOj T C (jHgN2 = N2 4 * H2O -(- T AS2O3. Ihe solutions re- 
quired are: (i) 125 grm. of arsenic acid is dissolved as 125 c.c. of 
concentrated hydrochloric acid, the cooled solution filtered and made 
up to I litre with glacial acetic acid; (2) N/io iodine solution; (3) 
200 grm. of sodium hydroxide (free from sulphides) dissolved in i 
litre of water; (4) cold saturated solution of sodium hydrogen car- 
bonate. 0.2 grm. of the sample of phenylhydrazine or its hydro- 
chloride is placed in 500 c.c., 60 c.c. of the arsenic acid solution added 
and the liquid boiled under a reflux condenser, using a spiral of plat- 
inum wire to prevent bumping. When action has ceased, that is, 
after about 40 minutes, the liquid is cooled, 200 c.c. of water is added 
and then sodium hydroxide until the liquid is alkaline, and finally a 
drop or two of hydrochloric acid. 60 c.c. of the sodium hydrogen 
carbonate are then added and the arsenious acid estimated by iodine 
solution and starch. The method can be applied also to aromatic 
phenylhydrazones, but in the case of fatty phenylhydrazones the alde- 
hyde should be removed before titration on account of its action on 
arsenic acid. 

Hydrazones. — ^Phenylhydrazine behaves in a highly interesting 
manner with aldehydes and ketones, with which it reacts with elimina- 
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lion of water to form hydrazones. Most of the substances of this class 
are solid and crystalline, and therefore well suited for the recognition 
of the aldehydes or ketones producing them. The action is general 
for substances containing the carbonyl group, CO, but is sometimes 
complicated by the presence of other reactive groups. Thus com- 
pounds containing the a-ketone-alcohol group— CH( OH). CO— react 
in the cold with only i molecule of phenylhydrazine to form colour- 
less compounds containing the group CH(OH).C.(N.NHCeH5). 

Osaz ones .—When the compound thus formed is heated with excess 
of phenylhydrazine, the alcohol group undergoes oxidation, reacting 
at the same time with a second molecule of phenylhydrazine and giving 
rise to a yellow compound containing the complex group — C(N.- 
NHCeHJ.C(N.NHCaH5). Compounds of this kind, in which 2 hy- 
drazine-residues are attached to 2 contiguous carbon-atoms, are called 
osazones, and may be obtained directly by the action of phenylhydra- 
zines on the di-ketones. They are of interest in connection with the 
carbohydrates, which may frequently be recognized by means of their 
characteristic osazones. A solution of phenylhydrazine hydrochloride 
containing sodium acetate can be used for the detection of sugar in 
urine. 

Pyrazolines. — An unsaturated hydrocarbon group (e. g., allyl, 
Cgllg), if contiguous to the carbonyl group, may also react with 
phenylhydrazine: 

N N.CeH, 

CHg :CH.COH -f CeHg.HN.NHg = H^O -f - 1 1 

Acrolein. Phenylhydrazine. Water. CH 

Phenyl-pyrazoline. 


CHg 


Pyrazolones. 


The pyrazolones are derivatives of a substance of the formula 
C3H4N2O, the synthesis of which has been affected by Balbiano (Ber., 
1890, 23, 1103). The relationship of pyrazolone to pyrazole, pyrazo- 
line, and pyrazolidine is shown by the following formula; 


NH< 


/ 


N : CH 

\ I 

^CH: CH 

Pyrazole. 


NH; 


N : CH 

CH2.CH2 

Pyrazoline. 


Na 


/ 


■N : CH 


■\, 


NH 


CO. CH, 

Pyrazolone. 


^NH. CH, 
''CHj.CH, 

Pyrazolidine. 
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Phenylpyrazolones. Antipyrine. 


I .*3 -Phenyl -methylpyrazolone, 

x.rji, 

/\ 

X (O 

li I 

CIl^.C -CH, 

\\l\en phenylhydrazine is added to ethyl accto-acetale, ('H3.CO.CH2.- 
C'O.OlC.Hj), the two substances interact in the cold, with elimination 
of water, to form CH3.C(N.XHl‘h)CH.,.CO.O(C2H,). ^ On heating, 
the hydrazonc thus formed splits up into alcohol and phenyl- methyl- 
pyrazolone, a substance which was originally regarded by its discoverer, 
Knorr, as a methyl-oxyquinizine. 

To prepare i :3-phenyl-methylpyrazolonc, 100 parts of phenyl- 
hydrazine are added to 125 of ethyl accto-acetate, the water which 
forms is separated, and the oily product is heated for 2 hours on a 
water-bath, until a portion is found to solidify ott cooling, or on the 
addition of ether. The warm mass is poured into and stirred with 
ether, which removes colouring matter, and the white crystalline prod- 
uct •washed with ether, and dried at loo*^. The yield is quantitative 
and the product pure. It is almost insoluble in cold water, ether, and 
petroleum spirit, more readily in hot water, and easily in alcohol. It 
crystallises from hot water or alcohol in hard brilliant prisms and 
melts at 127°.' The hydrochloride^ CionioONjjHCl + HoO, melts 
at 96*^, and the platinichloride, (CioHjoON2)2H2rtC'l„+ 4H2O, in 
prisms melting at iio.° Phenyl-mcthylpyrazolone yields crystalline 
precipitates with salts of many of the heavy metals. With silver 
nitrate an aqueous solution gives crystals of C^oH^AgC^Nj-f 


' Antitherrain.— When an aqueous solution of Icvulinic acid (aceto-propionic acid), 
CHi.C<J.CH 2.CH.'.COOH, is added to an equivalent amount of phenylhydrazine,^ dis- 
solved in dilute acetic acid, a yellow precipitate is produced of the liydrazone, CHaC(N,- 
NHPh) .CH1.CH2.COOH. When recrystalli.scd from alcohol, this forms Uruc colourless, 
CKlourless crystals of a slight bitter taste, melting at loS®, and nearly insolurde in water, 
but soluble in alcohol, ether, and dilute acid. It has met with a limited anplication as an 
antipyretic under the name of antithermin and also in cases of phthLsis and Uright's disease. 
It is decomposed by alkalies with liberation of phenylhydrazine, to which fact it probably 
owes its physiological activity. 

2 When a mixture of phcnyl-methylpyrazolone and phenylhydrazine is boated to boiling, 
bisphcnyl-methylpyrazolone, C 2 oHii, 0 .’i\% is formed. Heated with methyl alcohol or 
methyl iodide it yields diantipyrine, C; 2 H 2 ; 02 N 4 , melting -at 24s'’, and distinguished from 
antipyrine by its snaring solubility in water and the m. p.. of its picrate (161"). 
When the compound C-’f)Hii,02N4 is treated in alkaline solution with excess of sodium nitrite, 
and the mixture poured into dilute sulphuric acid, pyrazole-blue C^nHt .OjNi, separates in 
flocks. When crystallised from chloroform it forms blue needles, insoluble in water, dilute 
acids, and alkalies, and only sparingly soluble in alcohol and ether. Its s^dulions in chloro- 
form and strong sulphuric acid has an indigo blue colour. 
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CjoHioON.. The ultramarine cobalt compound and the orange- 
yellow uranium salt arc especially characteristic. 


I -Phenyl-2 :3-Dimethylpyrazolone. Antipyrine. Phenazone. 






Nidi NPh 

/\ /\ 

McN CO (Knorr) or MeN C 

MeC=CII O II 

MeC— CH 


(MichaclisO 


When i-phenyl-3-mcthylpyrazolone is heated with methyl iodide, a 
further action takes place, with formation of phenyl-dimethylpyrazo- 
lone, a substance known generally as “antipyrine,” less commonly as 
“ analgesin,” and called in the additions to the British Pharniacopivia 
(1890), phenazone. It is official in the German Pharmacopevia under 
the name of Antipyrinum. 

Antipyrine is prepared by heating equal parts of phenyl-methyl- 
pyrazolone, methyl iodide, and methyl alcohol to 100° in a closed 
vessel. The dark product is decolourised by boiling with sulphurous 
acid, the alcohol distilled off, and the residue shaken with strong 
sodium hydroxide, when the base separates as a heavy oil. This is 
separated and treated with ether, in which it is sparingly soluble. On 
separating the ether and evaporating off the solvent, the antipyrine is 
obtained as a mass of crystals which are purified by recrj’stallisation 
from toluene. 

Antipyrine forms small, lustrous, rhombic needles or plates, which 
are odourless, but have a somewhat bitter taste. When perfectly 
anhydrous it melts at 114° {British Pharmacopiria, German Pharma- 
copana; 113° United States Pharmacopaia, 8th Rev.), but on ex- 
posure to air^akes up a small proportion (0.6 %) of water, and 
in that state melts at io5°-io7°. The hygroscopic water may be driven 

1 Michaelis (Annaloi, 1902, 320, 1) considers that the formula ^iven, which represents 
antipyrine as a 2 : s-pyrazole, is more in accord with its properties than the custom.ary 
formula which represents it as a pyrazolone. Michaelis’ formula best explains the formation 
and properties of amlopyrine , 


NMe-CMe 

NMe-CMe 

NMe-CMe 

NPh<^ NnPhI 

Y- in 

iminopyrine, NPh<^^NH| 

tiiiopyrint, NPh<^Ys j 

C - CH 

C - CH 


NMe-CMc 



and selenopyrint, NPh/ ^Se I (Compare Ber., 1899. 33 i 2398; 1901,34, 723.) 
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off by exposing the substance to a temperature of ioo°, when the 
original m. p. is restored. 

Antipyrine is soluble in about its own weight of cold water, and in 
less than half its weight of boiling water. It dissolves in twice its 
weight of absolute alcohol, but in little more than its own weight of 
rectified spirit ( i part of alcohol. United States Pharmacopoeia^ 8th Rev.). 
Antipyrine is soluble in an equal weight of amyl alcohol, and in one 
and a half times its weight of chloroform, but requires about 50 parts 
of ether for solution (30 parts of ether at 25°, United States Pharma- 
copivia)^ is difficultly soluble in benzene, and nearly ftisoluble in 
petroleum spirit. 

On adding strong sodium hydroxide to an aqueous solution of anti- 
pyrine, the base separates as a milky precipitate, which speedily collects 
into oily globules. On adding a little ether, these immediately solidify 
to white crystals without appreciably dissolving, but they dissolve 
instantly on adding chloroform (J. C. Waterhouse). 

An aqueous solution of antipyrine exhibits no alkaline reaction with 
litmus or phenolphthalein, but destroys the red colour of an acidified 
solution of methyl-orange. Free antipyrine may be estimated with 
accuracy by titration in aqueous or alcoholic solution with methyl- 
orange. 

Antipyrine is a strong monacid base. Its salts, most of which are 
soluble, do not readily crystallise, with the exception of the pirrate 
(m. p. 188°); the ferrocyanide (CjiHj20N2)2,H4Cfy, which forms a 
crystalline precipitate; the platinichloridey (CjjHj30N2)2,H2PtCl«-f 
2H2O, which forms yellowish-red prisms m. p. about 200°; and the 
salicylate (page 45). 

When antipyrine is heated with hydrochloric acid under pressure 
to 200°, it suffers complete decomposition, yielding much aniline and 
a small quantity of mcthylamine, besides other producfl. On distilla- 
tion with zinc-dust is yields benzene, aniline, a base boiling at 86° to 
87°, and other products. 

Antipyrine is unchanged by treatment with reducing agents in the 
wet way, but with oxidizing agents it gives a series of interesting 
reactions (Gay andFortun(^, Pharm. Jour, [rii], 18, 1066). Thus when 
boiled with potassium chlorate and hydrochloric acid, antipyrine gives 
a reddish-yellow liquid, which on cooling deposits bright-red oily 
globules which dissolve in chloroform with greenish-yellow colour. A 
solution of bleaching powder produces no change in the cold, but on 
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heating a brick-red precipitate is formed, and the liquid is coloured 
yellow. Sodium hypochlorite is said to give the yellow colouration on 
heating without any precipitate being formed. Chlorine-water 
produces no change, and bromine-water a light yellow precipitate, 
dissolving on heating. Potassium dichromate and permanganate are 
reduced by acid solutions of antipyrine. 

When a solution of iodine in potassium iodide is added to a solution 
of antipyrine, a precipitate is formed which disappears on agitation, 
leaving the solution colourless; but on further addition of the reagent, 
a permanent brick-red precipitate is produced, perceptible in a dilution 
of I in 20,000. According to Manseau (Pharm. Jour. [Hi], 20, 162), 
the point at which a permanent precipitate is formed is perfectly 
definite, and he suggests that the purity of a sample can be ascertained 
by titration with a standard solution of iodine. Millard and Stark 
(Pharm. Jour, [in], 20, 863) find that the point of permanent precipita- 
tion depends to a marked degree on the dilution of the antipyrine 
solution. Thus in a 1% solution, i grm. of antipyrine gives a per- 
manent precipitate after the addition of 3.9 c.c. of N/io iodine, while 
with twice the volume of water 7.2 c.c. are required. The authors 
state that more concordant results are obtainable by using starch as an 
indicator. They dissolve 0.5 grm. of the sample of antipyrine in 
200 c.c. of water, add plenty of starch solution, and then drop in 
N/io iodine solution gradually until a distinct blue colouration is 
obtained, which does not disappear on vigorously shaking or 
stirring the mixture. E. Munzer has described an iodo-aniipyriney 
CiiHjjIONj, which forms colourless, tasteless needles, m. p. 160°. 
(Compare page 43.) 

An acid solution of mercuric nitrate gives a white precipitate with a 
solution of antipyrine. 2 c.c. of Millon’s reagent and 4 c.c. of a 1% 
(neutral) solution of antipyrine give a white precipitate in a yellow 
liquid; in a solution acid with hydrochloric acid, a yellow precipitate in 
an orange-yellow liquid, the precipitate eventually becoming red. In 
a solution 10 times more dilute a yellow precipitate and green liquid 
results, and in an acid solution of i part of antipyrine in 20,000, a white 
precipitate and yellow liquid, i c.c. of a saturated solution of mercur- 
ous nitrate added to twice its volume of a 1% solution of antipyrine 
gives a yellow precipitate floating on a blood-red liquid. 

If antipyrine be heated with strong nitric acid till action commences, 
and the liquid be then allowed to cool, a fine purple colouration is pro- 
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duccd; oil adding water a violet precipitate is thrown down, and the 
filtered liquid is purple-red. 

Lso-nilroso-ajilipyrhic.—ScxcrA of the foregoing indications are 
probably due to the presence of nitrous acid, which (if added in the 
form of red fuming nitric acid) gives with a i solution of antipyrine 
a lieautiful green colouration, still perceptible when diluted to i in 
20, coo; when (he li({uid is heated it becomes purple-red. In strong 
solutions a copious formation of small, green, needle-shaped crystals 
occurs. These consist of isonit ro.so-anlipyrine, CjjII,,(N())ON\, 
and are liest olitained by adding a solution of sodium nitrite to a solu- 
tion of antipyrine in acidified water. The liijuid at once becomes 
bluish-green in colour, and an almndant formation of crystals speedily 
occurs. These may be washed with cold water, and dried at the ordi- 
nary temperature. ‘ Nitroso-anlipyrine e.xplodes when heated to about 
200'^, is nearly insoluble in water and dilute acids, .soluldc in alkalies 
and in acetic acid, moderately soluble in alcohol, and sparingly in 
chloroform and ether, liy treatment with zinc and acetic acid it is 
converted into an oily base. 

The green colouration of antipyrine with nitrous acid is delicate 
and, to a certain extent, characteristic, but is common to all pyrazolones. 
A. C. Stark recommends that the lest .should be applied by dis.solving 
potassium nitrite in a test-tube in a little water, adding excess of strong 
sulphuric acid, and then filling the tube with the liquid to be tested. 

Antipyrine dissolves without colour in pure anhydrous ethyl nitrite, 
but a green colour is immediately developed on addition of water. 
W hen antipyrine is added to spirit of nitrous ether containing free acid, 
the mixture rapidly accpiires a dark-green tint, and green needles of 
iso-nitroso-antipyrine separate. 'I'lic action (which does not occur if 
any free acid be neutrali.sed by potassium hydrogen carbonate) derives 
practical importance from the fact that spirit of nitrous ether and 
antipyrine are not infrequently dispensed in conjunction. A mixture 
of the kind is alleged to have been fatal to the patient, but it is very 
doubtful if the nitroso-derivative of antipyrine was the cause of death; 
for direct exhibition of the compound to a small rabbit, both hypo- 
dermically and by the stomach, in doses commencing at 1/2 grain, and 
gradually increased to 4 grains, produced no perceptible toxic effect 

> The liquid filtered from the crystals gradually changes colour from green to brown, 
and after standing for some hours is found to smell of hydrocyanic acid, but the quantity 
of this substance formed appears to be very minute (Wood and Marshall, Phartn. Jour, 
[iii], 19, 806). 
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{Pliarm. Jour. [Hi], 18, 1085). Similar experiments have been made 
on dogs {Pharm. Jour. [Hi], 19, 807). 

Antipyrine gives a very delicate and characteristic reaction with 
ferric chloride, which, in a 1% solution, produces a blood-red coloura- 
tion. I'he reaction is still very distinct in a solution of i in 2,000, and 
perceptible at a dilution of i in 50,000. The red colouration is 
destroyed by excess of mineral acids. The reaction is at once given 
by urine containing antipyrine. 

On mixing cold aqueous solutions of antipyrine and mercuric 
chloride, a wdiite precipitate is formed. On boiling the liquid this 
disappears, but on continued boiling a brown resinous substance is 
deposited, wTich, w'hen separated, is found to be soluble in hot alcohol 
and in nitric acid, and is coloured scarlet by concentrated sulphuric 
acid. 

Antipyrine behaves in the general manner of alkaloids. Thus, in 
acid solutions it gives a yellowish-white precipitate with Mayer’s 
reagent, and the same with Marmd’s test (potas.sio-cadmium iodide); a 
green precipitate changing to orange-red with bismuth potassio-iodide; 
an abundant reddish-yellow precipitate wuth Nessler’s reagent; a W’hite 
with sodium phosphomolybdatc and an abundant w'hite precipitate 
with tannin.^ 


Pharmacopoeia Requirements. 


The requirements of the United State Phannacopcoia, Eighth 
Revision, are as follows: 

M. p. 113° Must not leave a “w’eighable re.sidue” on ignition. If 
to an aqueous solution, tannic acid (T.S.) is added an abundant wdiite 
ppt. is formed. If o.i grm. of sodium nitrite and 12 c.c. of an aqueous 
solution of antipyrine (i in 100) be mixed, a nearly colourless liquid is 
obtained which upon the addition of i c.c. of dilute sulphuric acid 
develops a deep green colour (formation of isonitroso-antipyrine). 

If to 2 c.c. of a dilute aqueous solution of antipyrine (i in 1,000) i 
drop of ferric chloride T.S. be added, a deep red colour is produced 
which upon the addition of 10 drops of sulphuric acid is changed to 
light yellow. 

Two c.c. of an aqueous solution of antipyrine (i in loo) mixed with 


•! desenbed in the text sufficiently indicate the pharmaceutical preparations 

with which antipyrine is incompatible. Thus it should not be dispensed in a mixture 
*i‘^rites, chloral hydrate, solid sodium salicylate, carbolic acid, tannin, 
XMine, mercuric chloride, salts of iron, permanganates, or tinctures of infusions of catechu, 
Cinchona, roses, galls, rhubard, etc. (see Millard and Stark, Pharm. Jour. 30, 860) 
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an equal volume of nitric acid assumes a yellowish colour, passing to 
crimson on warming (distinction from acetanilide and acetphenetidinc). 

On warming o.i grm. of antipyrine with sodium hydroxide T. S. 
and again warming after the addition of chloroform, the disagreeable 
odour of phenyl isocyanide should not be developed (absence of 
acetanilide). 

According to the German P liar mac opoeidy the solution of antipyrine 
in 2 parts of water should be neutral, free from acrid taste, and not 
changed by hydrogen sulphide water. A 2% solution should give a 
white precipitate with tannin; and on addition of 2 drops of fuming 
nitric acid to 2 c.c. of the solution, a green colouration should occur, 
changed to red on boiling and adding another drop of nitric acid.^ 
2 c.c. of a o.2^,(; solution gives a deep red colour with a drop of ferric 
chloride solution, changed to bright yellow on adding 10 drops of 
sulphuric acid. 

The Japanese PharmacopaJa is similar to the German in its tests. 

Antipyrine has now an established position and wide application in 
medicine. Although originally introduced as a febrifuge, it is taking 
a still higher place as an anodyne. Given in 10 to 20 grain doses in 
cases of bilious and nervous headache, it often effects a remarkably 
rapid and perfect cure. It has been usefully injected hypodermically 
in 8-grain doses as a substitute for morphia; and for the relief of 
pain in acute and chronic gout, neuralgia, sciatica, etc. The sub- 
cutaneous injection of antipyrine is said not to be followed by 
drow.siness, vomiting, or excitement. It is stated to be almost a .specific 
in puerperal fever. It has been found valuable as a hemostatic, 
and has proved successful in some cases of sea-sickness, but by no 
means invariably. Antipyrine causes an almost immediate reduction 
in the temperature of the body (apparently from its intluence on the 
brain-centres regulating the temperature), the effect continuing from 4 
to 6 hours. It induces sweating and feeble pulse, and in excessive 
doses, or even small doses in certain cases, an eruption resembling 
nettle-rash, occasionally with vomiting and collapse.^ Atropine has 
been found to act promptly as an antidote. 

> This red colouration is said by Sperling (Chetn. C*ntr., 1906, i, 1118) to be due to nitro- 
antipyrinc. It is not always distinctly apparent and sometimes a brown colouration is 
obtained. Antipyrine and all its derivatives except aminoantipyrine give the following 
reaction: a drops of fuming nitric acid are added to a-j c.c. oi a x % solution in water 
and then S % of cone, sulphuric acid are cautiously added. A cherry- red ring is formed 
at the surface of contact and when the layers are mixed the colour permeates the mixture. 

* The exhibition of antipyrine is unsafe when the heart is weak. A case where severe 
symptoms were produced by a dose of x grm, has been recorded by Schwabe {Phamt. Jour. 
Hi], 20, 1059). 
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Antipyrine may be detected in the urine for i8 to 24 hours after it 
is taken by the stomach, but can be detected only for a few hours in 
the different organs. It has been detected, after putrefaction for a 
fortnight, in animals killed within 2 hours after its administration, 
either by the stomach or hypodermically. 

Antipyrine is readily extracted from animal matters, by rendering 
the liquid ammoniacal and agitating it with chloroform or amyl 
alcohol. 

Steensma (Pharm. Weekblad., 1907, 44, 1066) recommends p-di- 
methylaminobenzaldehyde as a means of detecting antipyrine. The 
reagent is prepared by diluting a solution of i grm. of the aldehyde 
in 5 c.c. of 25% hydrochloric acid to 100 c.c. with absolute alcohol. 
When a small portion of this solution in presence of a trace of antipyrine 
is evaporated in a porcelain dish to dryness on the water-bath, a light 
red stain is left. The test serves to detect 0.001 mgrm. of antipyrine. 
Aqueous solutions should be extracted with chloroform, the solvent 
evaporated and the residue dissolved in the reagent. 

Estimation of Antipyrine. 

I. Kippenberger’s lodometric Method. — On adding a solution 
of iodine or an iodide to aqueous solutions of antipyrine, acidified or 
not, a brown tarry, non-crystallisable mass of the composition 
CjjHjjONj, HI, I2, separates. Advantage may be taken of this fact 
to separate antipyrine from phenacetin, sulphonal, acetanilide and 
aniline salts if acid be present, hydrochloric acid being most suitable. 
The process is carried out as follows; 

To the solution of antipyrine (as concentrated as possible) con- 
tained in a stoppered flask, a solution of iodine is added, made by 
mixing 100 c.c. of an N/20 iodine solution, containing 10 or 20 grm. 
of potassium iodide per litre, with about 4 c.c. of hydriodic acid 
of sp. gr. 1.7 (52% HI). Only a small excess of iodine solution is added 
and the flask then well shaken until the liquid becomes dear, the 
precipitate adhering to the walls of the flask. The liquid is filtered 
through a small asbestos filter into a dry burette and in an aliquot 
proportion of the filtrate the iodine is estimated by N/20 thiosulphate. 
21.3 c.c. of N/20 iodine =0.1 grm. of antipyrine. The error due to the 
solubility of the periodide is generally negligible, but may be corrected 
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for by standardising the iodine solution against a solution of antipyrine 
of knowii strength. 

Salipyrine and other antipyrine salts may be estimated in the same 
way. 

2. Picric Acid Method (Lemaire, Pharm. Jour., 1Q05, 74, 13). — 

A known volume of the solution containing antipyrine is treated 
with a delinite excess of an X/20 solution of picric acid and the spar- 
ingly solu))le picratc tillered oil after standing. The free picric acid is 
estimated in an aliquot portion of the filtrate by titration with N/io 
sodium hydroxide, using phenolphthalein as indicator, i mol. of 
antipyrine (188) combines with i mol. of picric acid (229). 

Detection of Adulterants in Antipyrine. 

The following methods arc given by Raikow and Schtarbonow 
{Ocstcr. C/iem. Zeit., 1900, 3, 125). 

Acetanilide (antifelirin) and phenacetin (/>-acetamino-phcnetole) can 
be detected by boiling the antipyrine with concentrated phosphoric 
acid, the 2 anilides yielding acetic acid under these conditions, which 
can be recognised liy its smell. Antipyrine gives a yellow colour with 
phosphoric acid which gradually changes to brownish-yellow, acetani- 
lide gives a faint yellow colour which becomes brown on boiling. With 
phenacetin the .solution is first rose coloured, then brownish red, 
changing through reddish-violet to violet, bluish-green to a dirty green. 
The appearance of a violet colouration is specially characteristic of 
phenacetin. 

Acetanilide and phenacetin arc distinguished by their difTerent 
behaviour on hydrolysis with potassium hydroxide. A few grm. of 
the substance are heated with 2-4 c.c. of cone, aqueous potassium 
hydroxide in a test-tube, fitted with a rubber stopper through which 
passes a glass tube connected with a .second test-tube containing 1-3 c.c. 
of a clear solution of calcium hypochlorite (bleaching powder). If 
acetanilide is present in the antipyrine the first drops of the distillate 
produce the well-known violet colouration characteristic of aniline. 
In the absence of acetanilide and presence of phenacetin the first drops 
give no colouration but subsequently a brick-red turbidity due to 
phenetidine is produced. Finally an amorphous red substance sepa- 
rates on the surface of the liquid, which becomes clear yellow in colour. 
If the receiving test-tube be changed when both acetanilide and phe- 
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nacetin are present, the two indications may be observed success- 
ively. On boiling a mixture of phenacetin and antipyrine with 
potassium hydroxide the distillate does not give the above dcscril)Cfl 
red colouration characteristic of phenacetin but the solution becomes 
yellowish-green and then yellowish-grey. With antipyrine alone the 
bleaching powder solution remains colourless. 

Exalgin (methylacetanilide) when boiled with phosphoric acid is 
readily hydrolysed, giving acetic acid and the pho.sphoric acid becomes 
coloured intensely golden yellow. On boiling with potassium hydrox- 
ide, methylaniline distils over and collects in oily drops on the surface 
of the calcium hypochlorite: a green colour is produced which becomes 
greyish-green and finally a dirty green. 

Salipyrine (Antipyrine Salicylate), — If sali- 

cylic acid be gradually added to a dilute boiling solution of antipyrine, 
antipyrine salicylate separates as a yellowish oil. The compound can 
be more conveniently prepared by heating equivalent proportions of 
antipyrine and salicylic acid with a little water to 90°, or by shaking 
together an aqueous solution of antipyrine with an ethereal solution of 
salicylic acid, when the salt separates in fine ciy^stals. Antipyrine 
salicylate melts at 91-92^, and decomposes at a somewhat higher 
temperature, dissolves in 250 parts of cold water and in 25 parts hot, 
and readily in alcohol, ether, chloroform, and carbon disulphide. The 
aqueous solution is faintly acid in reaction, and has a sweet taste and 
bitter after-taste. It gives a violet-red colouration with ferric chloride, 
and green with nitrous acid. Antipyrine salicylate has been employed 
with favourable results in medicine under the name of “salipyrine.’’ 
A mixture of antipyrine and sodium salicylate gradually changes to an 
oily liquid on exposure to air. The change, which does not occur in a 
closed bottle, appears to be simply due to absorption of moisture by tlie 
salicylate and the solution of the antipyrine in the water thus absorbed. 
Antipyrine salicylate is official in the Japanese Pharmacopdia. 

Resalgin (Resopyrine). — Antipyrine becomes pasty when mi.xed 
with /?-naphthol, and appears to form a compound with phenol. Under 
the name of “resopyrin,” Fortes has described a compound obtained 
by mixing solutions of molecular proportions of resorcinol and anti- 
pyrine. It crystallises in oblique rhombic prisms, insoluble in water 
but soluble in alcohol. 

Hypnal (Chloral-antipyrine), C^H.^CCgHgClgO^OXo.— When 
dilute solutions of chloral hydrate and antipyrine are mixed no per- 
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ccptible reaction occurs, but on concentrating the liquid, or on mixing 
strong solutions of the 2 substances, a separation of oily globules 
takes place, and these immediately or gradually change to a mass of 
crystals of chloral-antipyrine. The same substance may be obtained 
by heating molecular proportions of chloral hydrate (165.5 parts) and 
antipyrine (188 parts) to iia-115'’. The action consists in elimina- 
tion of water and substitution of the group CCl3.CH(()H) for one of 
tlie hydrogen atoms of the antipyrine; but whether the replaced atom 
is one of those of the methyl groups, or the hydrogen atom of the CII 
group, is not definitely decided (compare Pharm. Jaur. [fit], 20, page 
862 with page 889). 

Chloral-antipyrine, also called hypnal, crystallises from alcohol in 
hard scales and from water in transparent rhombs. It melts at 
67-68°, is almost odourless, and has a saline taste with an after-taste 
suggestive of chloral. It is only slightly soluble in cold alcohol, ether, 
and chloroform, but somewhat more soluble in boiling alcohol, and is 
dissolved by about 8 parts of w'arm water. The solution reduces 
Fehling’s solution on warming, gives the blood-red reaction of anti- 
pyrine with ferric chloride, and yields chloroform when heated with 
dilute alkali hydroxide. When chloral-antipyrine is kept in a melted 
state for .some time, it deposits cr>'stals of a dehydration compound^ 
which is insoluble in water, melts at 186-187°, gives no colour- 
change with ferric chloride. According to Reuter {Pharm. Jour, [iiij, 
20, 602) chloral-antipyrine is physiologically inert, but Bardet found 
doses of I grm. to induce sleep as readily as chloral hydrate, while in 
cases of insomnia caused by pain it seemed to have the .same anodyne 
effect as antipyrine. Schmidt found the monochloral-derivative to 
have more decided soporific effect and a less deleterious influence on 
the circulation than antipyrine. 

Bichloral-anlipyrine is obtained by heating antipyrine with exce.ss 
of a strong solution of chloral hydrate, when an oily layer is formed, 
which solidifies to prismatic crystals melting at 67-68°, soluble with 
some dissociation in 10 parts of cold water, and giving the reactions 
of chloral-antipyrine. 

Butylhypnal, a compound of antipyrine with butyl chloral hydrate, 
forms colourless needles, m. p. 70°. 

Tussol, antipyrine mandelate, C,,H, 20 Nj,C,H 5 .CH 0 H.C 03 H, 
obtained by fusing together antipyrine and mandelic acid, forms 
colourless crystals, m.p. S2-53°;it is sparingly soluble in water (i in 15), 
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easily so in alcohol. It may be recognised by its m. p., by giving a red 
colouration in aqueous solution (i in 20) on adding ferric chloride, and 
a smell of benzaldehyde when warmed with potassium permanganate. 

Migrainine (migranin) is a mixture of 90.9 parts of antipyrine with 
6.6 parts of citric acid and 8.5 parts of caffein. 

To estimate antipyrine in migrainine, i.i grm. is dissolved in 100 c.c. 
of water, 20 c.c. of the solution is mixed with 20 c.c. of an alcoholic 
solution of mercuric chloride (2.5 grm. HgC^ to 100 c.c. of 95% 
alcohol) and an alcoholic solution of iodine is added which contains 
1.35 1 grm. of iodine per 100 c.c. The iodine solution is standardised 
in the same manner against 20 c.c. of a i% solution of pure antipyrine. 
20 c.c. of the migrainine should use as much iodine as 0.2 grm. of 
antipyrine. 

Tolypyrine is i-(7-Tolyl-2:3-dimethylpyrazolone, 

CO. CH 

Me.CeH,N<( || 

NMe.CMe. 

For tests see table on following page. 

Thiopyrine (Thioantipyrine) 

CMe:NMe 
I S< \NPh, 

CH:C 

(i-phenyl-2:3-dimethyl-2:5-thiopyrazolc) is a less energetic antipyretic 
than antipyrine, but is said to have no injurious after-effects. It melts 
at 166°. It gives a transient green colouration with ferric chloride 
but not with nitrous acid. The crystalline hydrochloride has m. p. 
128°, the platinichloride is brownish-red and melts and decomposes at 
215. 

Selenopyrine (selenoantipyrine), (Michaelis), forms lustrous pale 
yellow crystals, m. p. 168°, does not develop a colouration with ferric 
chloride, and only a faint green colouration with nitrous acid. The 
hydrochloride and sulphate do not crystallise. 

Pyramidone (Dimethylaminoantipyrine, i-Dimethylamino-2:3- 
dimethylpyrazolone). German Patents, 71261; 90959; ii 1724. M. p. 
108°. 

The following table, according to Hofmann {Zeit. Unt. Nahr. u. 
Genussm., 1900, 6, 419), shows differences in behaviour of antipyrine, 
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tolypyrine, amino-antipyrinc and pyramidonc. (Compare, however, 
-Monferrino, infra.) 



Antipyrine Tolypyrine 

Amino-antipyrine 

Pyramidone 

Eoriic clilorido. 

Red-brown col- Red l)rown col- 
our, (i in j,ooo). our. 

Violctcolour(i in 
20,000). 

Blue by reflected, 
violet by trans- 
mitted light. 

Silver nitrate. 

No change. No change. 

Reddish to red- 
violet coh^ur. 

Colour first Idiie 
then silver then 
separates. 

Nitruus acid. 

Bright green. Green. 

Fugitive red. 

Blue inclining to 
violet. 

Nitric acid. 

Warm, deep red. Cherry red. 


No red colour- 
ation, 

Wagner's reagent. 

Brown red ppt. Brown -red i)pt. 
(i in 2,000.), (t in 2,000) 

which disap- which tlisap- 

poars on heat- pears on heat- 

1 mg. mg. 

Y ellowish brown 
turbidity ( i in 
3.000), tlisap- 
pears on heating 
giving red-viu- 
let .Solution. 

Vbolet colour- 
ation. Excess of 
the reagent gives 
a turbidity, 
which dissolves 
on wanning. 

Bromine water. 

White pp. Wliite ppt ... 

i 

i 

; i 

Vcllowish-white 
; ppt. ( I in 2.000). 
In 1% solution 
the ppt. is l>n!- 
lianl violet -reil. 
Ammonia de- 
stroys the col- 
our, suli»huric 
acid restores it. 

Concentrated 
solutions g i v e 
a black or gray 
colouration. 

2% s o 1 ti t i o n 
of blood mixed 
with 4 times its 
volume of hy- 
drogen peroxide. 

Brown colour Brown colour 
dvie to meta- due to tneta- 
Ecmoglobin. htmoglobin. 

When H .'O.? add- 
ed a faint rc>l 
colour, which 
on adtling Idood 
turns dark red 
with tendency 
to blue. 

In very dilute 
solution gives 

V i 0 1 c t colour- 
ation. 

Distinctive Tests for Antipyrine, Pyramidone and 
Nevralteine. 

Monferrino {Boll. Chim. Farm.., 1909, 48, 515) states that when 
present together in aqueous solution the 3 compounds may be 
detected by the following tests (Note: Nevralteine is sodium />-phc- 
netidinemethanesulphonate). 

Reagent 

Antipyrine 

Pyramidone 

Potassium nitrite and j Green colouration changing! Transient amethyst-violet colour- 
concentrated sulphuric to bluish green. ! ation when present in greater 

acid. I j r4uantity than antipyrine. 



SUBSTITUTED HYDRAZINES. 


49 


A little of the violet liquid obtained by the addition of ferric chloride 
when added to concentrated sulphuric acid gives a green colouration 
if ncvralteine is present. 

Detection of Pyramidone in Urine. 

According to Jolles (Zeit. Anal. Chem., 1898, 37, 441) when a weak 
solution of iodine (a 10% alcoholic solution diluted with 10 vols. of 
alcohol) is poured on to the surface of, but not mixed with, urine con- 
taining pyramidone, a well marked violet-rcd ring forms at the surface 
of separation and gradually changes to red-brown. The test is said 
to be characteristic. 


Estimation of Pyramidone. 

Astruc and IMgurier {Atm. Cliim. Anal.^ 1905, 10, 302) apply 
Lemaire’s picric acid method of estimating antipyrine to the estimation 
of pyramidone. 0.231 grm. of the sample is dissolved in 10 c.c. of 
water and 40 c.c. of N/20 picric acid solution are added. After shak- 
ing during some minutes, the mixture is filtered and in 25 c.c. of the 
filtrate the excess of picric acid is titrated with N/io alkali hydroxide 
using phenolphthalein as indicator. If n c.c. of alkali be used the per 
cent, of pyramidone = 5 (40-4»). 

Estimation of Pyramidone in Presence of Antipyrine. 

Pegurier {Ann. Chini. Anal., 1905, 10, 391) utilises the fact that 
while antipyrine is neutral to methyl orange, pyramidone behaves as 
a monacid base with this indicator. The 2 bases are estimated 
together according to the method of Astruc and Pegurier just given. 
0.231 grm. of the sample is then dissolved in 10 c.c. water, the solution 
exactly neutralised with N/io acid in presence of methyl orange and 
the antipyrine estimated by means of picric acid. For this purpose, 
40 c.c. of N/20 picric acid are added and the solution after filtfation 
titrated with N/io KOH after adding phenolphthalein (see page 44). 

Detection of Antipyrine in Pyramidone. 

Stcensma states that it is possible to detect 0.005 mgrm. of antipyrine 
in 100 mgrm. of pyramidone by dissolving the latter in />-dimethyl- 
aminobenzaldehyde reagent (see page 43) and evaporating the solu- 
tion as already described. 

For tests for halagen salts in pyramidone, see Kollo, PJiarm. Post., 
1911, 173. Pharm. J., 1911, 86, 71 1. 

Vol. VI.— 4 




ANILINE AND ITS *ALLIES. 

By S. S. SADTLER. 

Aniline, CeHg.NHj, or (CgHg) 1 

H N 

H J 

Aniline exists in minute quantity in coal tar, but is ordinarily produced 
by nitrating benzene and reducing the resulting nitrobenzene, 
CgllgNOj, by suitable means. 

If the treatment with nitric acid be carried further, dinitrobenzene 
is produced, and this by reduction is converted into meta-phenylene- 
diamine or metadiamino-benzene, CoH4(NH2)2. 

If the reduction of nitrobenzene be effected by alkaline reagents, 
2 molecules unite, and azobenzene, CgHg.NrN.CeHj, is produced. 
On further treatment of this (especially in alcoholic solution) it is 
converted into hydrazobenzene, CflHj.NH.NH.CjHg, which by 
intramolecular change is transformed into benzidine or di-para-amino- 
diphcnyl, NH3.CoH4.C<jH4.NH2. The relationship of aniline to the 
allied bases is shown below: 

Aniline (aminobenzene). Aniline. Aniline (Phenylamine) 

NH2.CeH,.H C.Hj.NH.H CeH^.NH.H 

Phenylene-diaminc, Phenylhydrazine. Diphenylamine. 

NH,.C.H,.NHj C,H5.NH.NH, C.H^.NH.C.H, 

Benzidine. Hydrazobenzene.* Hydrazobenzene.* 

NH2.CeH,.CeH„NH2 C.Hj.NH.NH.CeH, C.H^.NH.NH.C^H^ 

Aniline forms two classes of homologues. The true homologues 
(Class A) coexist with aniline in coal tar, and are derived from aniline 
by the substitution of one or more methyl groups for a corresponding 
number of the hydrogen atoms of the benzene nucleus. They are 
ordinarily obtained by nitrating the corresponding hydrocarbons pre- 
pared from coal-tar naphtha, and reducing the resulting nitro-deriv- 
atives. Thus: 

* Hydrazobenzene does not have basic propertia. 
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Hydrocarbon. 

Benzene— 

CeHj.H 

Toluene — 

Xylene — 

Cumene — 

C,H,(CH3)3,II 


Nitro-dcrivative. 

Nitrobenzene — 

C.lIsNO, 

Nitrotolucnc— 

• C3n,(CH3).Nr03 

Nilroxylenc — 

c-„ir3(cir,),.xo3 

Xitrocumcne — 

C 3 H,(CIl 3 ) 3 :X 03 


Amino-derivative. 

Aniline — 

CeH,.NIl 3 

Toluidinc — 

CJI,(CH3).NH, 
Xylidine — 

C„Il3(Cir3),.NIl3 
Cumidine — 

(-,n3(CH3)3.NIl3 


Isomeric modifications arc known of all the members of the series 
e.xcept those in the first line (pai^e 77, et seq.). 

The pscudo-homologues of aniline (Class B) are derived from 
aniline by the replacement of one or both of the hydrogen atoms of the 
amino-group by methyl or other alkyl radical. Similar substitutions 
can be effected in the amino-grouj)s of toluidine, xylidine, etc. 

These alkyl su})stituted anilines (Cla.ss B) are obtained by the 
action of methyl chloride or other alkyl salt on aniline, or of the 
corresponding alcohol on the hydrochloride or other salt of aniline. 
/>-Toluidine has also been obtained in a very interesting manner by 
heating the hydrochloride of methyl-aniline^ to 350® in a sealed tube, 
when change of position of the atoms within the molecule takes place 
thus: 

I C,ll,{ClQ 1 

CM, N - H N 

H J H J 

Methyl-aniline. #>-ToIuidine. 

By the same process methyl-toluidine may be converted into xylidine, 
and this by consecutive steps into a pseudo-cumidine, isoduridinc, and 
amino-pentamethylbenzene. By treating aniline hydrochloride with 
aniline, diphenylamine or phenylaniline, (C JI5), is obtained* 

(page 95). 

Substitution of the hydrogen atoms of aniline and its homologues 
can also be effected by acid groups or chlorine, both in the benzene- 
nucleus and in the amino-group. In the latter case the derivatives are 

* If the hydriodide of methyl-aniline be similarly treated, ortho- or meta- toluidine it 
obtained. 

* Diphenylamine and aniline hydrochloride cannot be caused to react with formation of 
triphcnylaminc, (0*11 )jN; but this subst.mcc can bo obtained by the action of mono-brom- 
benzenc on di-potassium aniline: — 

CaHHir-f-CgHi. NKj - (C«H0iN + aKBr. 
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called anilides (page 82), and are quite different from the substances 
resulting from the substitution of chlorine for the hydrogen of the 
benzene nucleus. In the compounds of the latter class, the basic 
character is either much weakened or entirely^destroyed. Most of the 
derivatives exist in several isomeric modifications, according to the 
position of the substituting radicals in the benzene-nucleus. Examples 
of the substances of this class are: 

Aniline-sulphonic acid or sulphanilic acid, Cj,H4(S03pI).Nn2. 

Nitraniline, CflH 4 (N 02 ).NPl 2 . 

Bromaniline, CJI^Br-NIIj. 

Trichloraniline, CgH2Cl3.NH2. 

Mixed substitution-products, belonging at once to 2 or more of 
the foregoing classes, are obtained by suitable means. As examples 
may be mentioned: 

raranitracctanilide, CeH4(N02).NH(C2H30) 

Paranitroso-dimethylaniline, C6H4(NO).N(CH3)2 

Paranitroso-dimethyl-/>-toluidine, Cfll^CCflg) (NO). N*( 0113)2 

The more important of the allies and derivatives of aniline formu- 
lated on this and the preceding pages are described in greater detail in 
the sequel. 

On treating aniline, and also many of the above-mentioned homo- 
logues and derivatives, with oxidising agents, a series of brilliant col- 
ouring matters are obtained, which form the well-known “aniline 
dyes” (Vol. 5). 

By the action of nitrous acid on a cold solution of a salt of aniline a 
salt of diazobenzene is obtained. This and the allied products obtained 
by similar means from the homologues and analogues of aniline form 
.the starting-point of the numerous and important colouring matters 
known as the “azo-dyes” (Vol. 5). 

By the action of reducing agents on the salts of diazobenzene, 
phenylhydrazinc, CflH5NH(NH2), is obtained. This substance has 
already been fully described. 

Aniline. Amino-benzene. Phenylamine. 

C.Hj 

C,H,N=C.H5.NH,- h Vn 

H j 

Aniline was first obtained in 1826 by Unverdorben by the dry distilla- 
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tion of indigo, and received the name crystalline. Runge in 1834 
obtained it from coal tar, and termed is kyanol. The name aniline is 
due to Fritschc, who in 1841 obtained it by distilling indigo with caustic 
aJkaJi. The name benzi^am was given it in 1842 by Zinin, \vho pre- 
pared it by reducing nitrobenzene by sulphuretted hydrogen. The 
name phenamine has also been proposed for it. Aniline was lirst 
accurately described in 1843 by A. W. Hofmann. 

Aniline occurs to a very limited extent ready-formed in the products 
of the distillation of coal, bone, and peat. Almost the whole of it, 
however, is obtained indirectly from coal-tar by the action of a reducing 
agent on nitrobenzene (“Aniline Oils,” page 74). Aniline may also 
be obtained by passing ammonia and benzene vapour through a red- 
hot tube; CaHo+NH3 = ll2 + CgHyN. It is also formed together with 
diphenylamine by the reaction of phenol and ammonia. The best 
yield is obtained by heating phenol to about 330° for 20 hours with 
ammonium chloride and magnesia or oxide of zinc (or ammonio zinc 
chloride, Zn(NIl3)3Cl2). Aniline is also obtained by numerous other 
reactions. 

Aniline may be purified by fractional distillation and conversion into 
the acetyl-derivative. This is recr}'stalliscd from water, and on 
saponification yields pure aniline. 

Pure aniline is a colourless, oily licjuid, of faintly vinous odour and 
aromatic, burning taste. It refracts light strongly, but has no rotatory 
action. Aniline, when very pure, freezes at 6°, but a slight impurity 
greatly reduces its solidifying point. It boils at 184°, and distils 
unchanged. 

The sp. gr. of aniline is 1.0379 at and 1.0342 at 4®, compared with 
water at 4°; and 1.0254 at 15°, compared with water at the same 
temperature. The coefficient of expansion is .000818. 

Aniline becomes yellow or brown on exposure to air and light, 
especially at elevated temperatures, a resinous substance being ulti- 
mately formed. The change is due to oxidation, and does not occur 
in vacuo or in the dark.. According to A. Bidet (Comp. Refui., 1889, 
108, 520), aniline and toluidine prepared by the reduction of pure nitro- 
derivatives are colourless after distillation, and though they become 
yellowish in a few days, light has no further effect on them, and 
even this change Bidet attributes to the presence of amino-thiophene, 
CJI3S.NH2. 

Aniline is only slightly soluble in water, requiring 31 parts at the 
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ordinary temperature, but being more soluble in hot water. Water 
also dissolves in aniline, 5 parts being taken up by 100 of aniline at the 
ordinary temperature, and somewhat more at higher temperatures. 
The greater part can be separated by distillation, the water passing 
over first, but the last traces can only be removed by prolonged 
digestion over alkali hydroxides. 

Aniline is soluble in all proportions in a 50% aqueous solution of its 
hydrochloride, and in smaller proportions in more dilute solutions. 

Aniline dissolves readily in ethyl and methyl alcohols, ether, acetone, 
chloroform, carbon disulphide, and volatile hydrocarbons. 

Aniline is itself a solvent for sulphur, phosphorus, indigotin, camphor 
and colophony, but does not dissolve caoutchouc or copal. It is 
employed sometimes as a solvent for aniline-blue. 

Aniline is a powerful poison, coagulating albumin and produc- 
ing symptoms similar to those caused by nitrobenzene (Vol. 3, 
page 213). 

According to Letheby and Turnbull the action of aniline is chiefly 
on the nervous system. According to Grandhomme, the first symptom 
in slight cases of poisoning by aniline, caused by inhaling the vapour, is 
a blue colour on the edge of the lips, while the gait becomes unsteady, 
the speech thick, the head affected, and the face pale, while the appetite 
fails completely. Alcohol aggravates the symptoms. In more severe 
cases, such as may arise from the saturation of the clothes with aniline, 
the lips become dark blue or black, and the vertigo is so violent that 
standing becomes impossible. According to Wohler and Frerichs, 
aniline does not exert any poisonous action on dogs. Runge found 
the aqueous solution to kill leeches and the parts of plants im- 
mersed in it. 

Aniline has marked basic properties, a long series of well-defined 
and crystallisable salts being obtained from it. It has, however, no 
action on phenol-phthalein, litmus or turmeric, though it affects a few 
of the more delicate vegetable colours such as hematoxylin. It expels 
ammonia from its salts at a boiling temperature, but is itself displaced 
in the cold. Aniline decomposes the solutions of many metallic salts, 
with precipitation of the corresponding hydroxides. When heated 
with strong sulphuric acid, aniline is converted into p-amino-benzene- 
sulphonic acid (sulphanilic acid). With hot fuming sulphuric acid, 
di-sulphonic acids are produced. 
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In presence of an excess of acid, aniline imparts a deep yellow colour 
to pine-wood and alder-pith. 

According to Friswell, on adding cupric sulphate to an aqueous 
solution of aniline an apple-green crystalline precipitate is formed; 
or in extremely diluted solutions a green colouration. 

Cold aqueous solutions of aniline salts are converted by treatment 
with nitrous acid (or a nitrite and mineral acid) into salts of diazo- 
benzene. On boiling the solution phenol is formed, with evolution of 
nitrogen. * 

If aniline, or one of its salts in the solid state, be treated with a drop 
of chloroform, and then solid potassium hydroxide or a strong solution 
of potassium hydroxide in alcohol be added, and the whole gently 
heated by immersing the tube in hot water, a peculiar and highly 
unpleasant odour will be produced, due to the formation of phcnyl- 
carbamine, CcHj.NC. The reaction, which is known as “Hofmann’s 
isonitrile test,” is produced by other aromatic monamincs, and by 
acetanilide. 

Under the influence of oxklising agents aniline gives products and 
reactions which vary considerably according to the oxidising agent 
employed, thus: 

a. When aniline is treated with excess of nitric acid, and the mixture 
evaporated at loo®, the base is decomposed with formation of a brown 
substance. With smaller proportions of nitric acid various coloured 
products are formed, including picric acid. 

b. WTien treated with dilute sulphuric acid and manganese dioxide, 

aniline yields ammonia and quinone, but the greater part of 

the product undergoes still further change. 

c. If aniline be dissolved in strong sulphuric acid, and a few drops 
of a solution of potassium dichromate is added, a red colour is pro- 
duced, which rapidly changes to deep blue. 

d. On treating aniline, or one of its .salts in a solid state, with strong 
sulphuric acid, and then adding a minute fragment of manganese 
dioxide or other oxidising agent (in the manner described under 
“strychnine,” page 449), a fine purple colouration is produced. A 
better result is obtainable by employing electrolytic oxygen; in this 
form the test is the most delicate and satisfactory which can be 
applied. 

e. Chlorine acts.on dry aniline with great violence, producing a black 
mass containing trichloraniline, CJI^CljN. Bromine behaves simi- 
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larly; and, on adding bromine-walcr to the aqueous solution of an 
aniline salt, a precipitate of tribromaniline is formed. On the other 
hand. Mills and Muter ( 7 . Soc. Chem. Ind., 1885, 4, 96) state that 
aniline in solution in carbon disulphide reacts with bromine, probably 
forming an additive compound. 

/. When a solution of aniline is treated with a dilute solution of 
bleaching powder, avoiding excess, a fine purple colouration results, 
which gradually changes to brown. When carefully applied, the 
reaction is delicate and characteristic. The colour is destroyed by ether. 

g. It a minute quantity of aniline be treated with an aqueous solution 
of phenol, and a solution of bleaching powder be then gradually added, 
the reagent produces yellow striie, which change to a greenish-blue. 
The test, which is due to Jacquemin, is said to be very delicate. 

The following work on the reduction of aniline has been done by 
E. Brdmstein {Ber., 1901, 34, 1268-74). 

The oxidation of aniline hitherto* has resulted in products in which 
the amino group has been attacked, yielding for example, azo, azoxy-, 
nitroso- and nitrobenzene, phenylhydroxylaminc, amino-phenol, and 
finally quinone. Brdmstein oxidises aniline salts in neutral solution 
at a low temperature, and a certain concentration preferably with lead 
peroxide. A 20-25% amino-diphenylquinonediiminc, HjN.- 

CoH3.(NCcIT 5)2 is obtained which on more energetic oxidation is con- 
verted into Azopheninc, CoH2(NHCeH5)3(NCflH6)2. The conversion 
of the amino-quinone-imine into Azopheninc can also be shown by 
dissolving the former in an excess of aniline and warming the solution 
for a short lime with some aniline hydrochloride or zinc chloride. For 
the preparation of amino-diphenylquinonediimine aniline hydrochloride 
or sulphate is dissolved in 20-25 times its weight of water and oxidised 
with one and a half to twice its weight of lead peroxide (Pb02) in the 
form of paste in the cold. The magenta coloured filtrate contams a 
dyestuff of no particular value, and the residue after drying is extracted 
with benzene and treated with light petroleum spirit which precipitates 
a tarry residue. The solution on standing deposits cr>^stals, which 
recrystallise from alcohol separates in blackish-red nodules. The 
residue insoluble in alcohol consists of azopheninc, melting at 246°. 
Amino-diphenylquinonediimine melts at 167°, and is very unstable 
towards acids. Reduction with ammonium sulphate yields a colour- 
less subtsance melting as 83°, which gives an acetyl compound corres- 
ponding to the formula: CoH3(NHC2H30)(NHCeH6)2, m. p. at 171°. 
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Detection and Separation of Aniline. 

The foregoing colour-reactions are amply sufficient for the recogni- 
tion of aniline, provided that a proper process of separation be pre- 
viously applied. 

Aniline may be liberated from the aqueous solutions of its salts by 
addition of sodium hydroxide, and may then be extracted by agitating 
the liquid with ether. On separating the ethereal layer, and agitating 
it with dilute hydrochloric acid, the aniline passes into the aqueous 
liquid, which may then be concentrated or evaporated to dryness, and 
examined by the colour- reactions already described. From strychnine, 
which is the only substance with which aniline is at all likely to be con- 
founded, if may be separated by adding sodium hydroxide to the con- 
centrated solution, and distilling over the aniline by means of a current 
of steam. The strychnine remains in the flask, while the aniline will be 
found in the distillate if it be acidified with hyrdochloric acid and con- 
centrated to a small bulk at ioo°. The same plan may be employed 
for detecting aniline in toxicological cases, or the process used for iso- 
lating strychnine may be used, but instead of evaporating the ether- 
chloroform it should be separated and agitated with dilute hydro- 
chloric acid in the manner above described. 

F. Muller (Trans., 1888, 52, 514) found unchanged aniline in the 
urine of a person poisoned witli it. The urine was optically inactive, 
but reduced Fehling’s solution. A portion of the concentrated urine, 
when boiled with strong hydrochloric acid, neutralised with sodium 
hydroxide, and extracted with ether, gave an ethereal solution which 
showed the blue indophenol reaction. The ethereal extract of the 
unboiled urine did not give this reaction, a fact which Muller believes 
was due to the secretion of the aniline as />-aminophenylsulphate 
(compare “Phenyl-sulphuric Acid,” Vol. 3, page 399); a substance 
which is split up by boiling with hydrochloric acid. In support of this, 
the original urine contained sulphates (estimated by barium chloride) 
equivalent to only 0.0475 8^°^- sulphuric acid per litre; but after 
boiling with hydrochloric acid, 0.8085 g^m. A direct test for the pres- 
ence of />-aminophenylsulphates in urine consists in boiling the liquid 
with one-fourth of its volume of strong hydrochloric apd, adding a few 
c.c. of a 3% solution of phenol, and then some drops of a chromic acid 
solution. If />-amino-phenol be present, the liquid becomes red, and 
turns blue on adding ammonia. 
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The estimation of aniline may be effected by evaporating its ethereal 
solution, or preferably by extracting the base therefrom by agitation 
with dilute hydrochloric acid, evaporating the acid liquid, and weighing 
the residual hydrochloride. Under favourable circumstances it may 
be measured after liberation from a strong solution of the hydrochloride 
by addition of alkali hydroxide. 

Instead of weighing the aniline hydrochloride, the salt may be 
fedissolved in water, and the solution titrated with standard silver 
nitrate. Or it may be titrated with standard alkali hydroxide and 
phenolphthalein or litmus, as aniline hydrochloride acts on these 
indicators exactly like an equivalent quantity of free hydrochloric acid, 
ind the end-point is sharply marked. The process allows of the titra- 
tion of aniline in presence of neutral ammoniacal salts. On the other 
hand, with helianthin (methyl-orange), the basic character of free 
aniline is distinctly marked, but the end-point is not sufficiently definite 
to render the indicator available for accurately titrating aniline. 

According to Julius (/. Soc, Dyers, etc., 21, 79), free aniline in 
aqueous solution can be satisfactorily titrated with standard sulphuric 
or hydrochloric acid, if congo-red be employed as an indicator and the 
neutral point be regarded as that at which a bluish- violet colour is 
obtained, not changed by further small additions of acid; but a much 
larger excess is required to produce a pure blue. Results are said to be 
obtainable agreeing within 0.2% with the theoretical. 


Salts of Aniline. 

Aniline combines readily with acids forming a series of salts which 
crystallise well. The following are the most important. 

Aniline Hydrochlorate. — Hydrochlorate of Aniline. CaH^NjHCl. 
This salt crystallises with great facility in colourless needles or large 
plates, which are very soluble in water and alcohol. M. p. 198°, and 
boils at 245° unchanged. It yields double salts with stannic, mercuric, 
antimonious, platinic and auric chlorides; aniline chloroplatinate, 
(CflH7N,HCl)2PtCl4, crystallises from hot water in yellow needles. 
Aniline salt is the ordinary commercial name for aniline hydrochloride. 
It is manufactured by mixing the calculated weights of aniline and 
hydrochloric acid in stone-tanks, freeing the crystals formed from the 
tuother-liquor by a centrifugal machine, and drying them. According 
|0 another process, aniline is dissolved in petroleum spirit of o. 7 20 sp. gr. , 
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and hydrochloric acid gas passed in till the solution is saturated. The 
aniline salt is deposited as a white powder, which is separated from the 
adhering petroleum spirit by hydraulic pressure, and ground to powder. 

Aniline salt is employed largely in calico-printing, its chief use 
being for the production of aniline-black (Vol. 5). It is important 
that the salt intended for this purpose should be made from pure 
aniline, and should be dry and neutral. The presence of free acid in 
the aniline salts is liable to cause the cloth dyed black to rot in 
the steaming process. It must be free from sand or grit, which 
would injure the printing rollers, and will produce streaks on the 
printed cloth. Grit remains undissolved when the sample is treated 
with hot water, and may be filtered off, dried or ignited, and 
W’eighed. Free acid is best determined by titration with decinor- 
mal sodium hydroxide, using methyl-orange as an indicator, but 
the results are not very satisfactory. A useful method of exami- 
nation consists in titrating the aqeuous solution of 2 grm. of the 
sample with normal sodium hydroxide, using litmus or phenolph- 
thalein as an indicator. The amount neutralised corresponds to 
the total acid, both free and combined with aniline. Theoretically, 
2 grm. or pure aniline hydrochlorate would require 15.4 c.c. of normal 
sodium hydroxide, but owing to the presence of toluidine and moisture 
commercial samples of good quality require between 14 and 15 c.c.^ 
The process will indicate the presence of ammonium chloride, which 
will not neutralise alkali, and hence a sample containing it will require 
a less volume of the standard solution. Ammonium chloride is occa- 
sionally met with in considerable proportion as an adulterant of aniline 
salts. For its accurate determination the sample should be dissolved 
in water, excess of sodium hydroxide added, the liberated aniline sepa- 
rated, and the aqueous solution distilled in the usual way. On titrating 
the distillate with standard acid and methyl-orange, only the ammonia 
will be indicated. Fixed impurities will be detected on igniting the 
sample ; only a mere trace should be present. An idea of the proportion 
of toluidine present in the sample can be obtained by liberating the 
mixed bases from the solution of the salts by sodium hydroxide, and 
heating a few centimetres of the aniline with an equal quantity of 
strong arsenic acid solution to 180® for some time. On boiling the 
product with water, the intensity of the crimson colouration will 


1 This method of examining aniline salts is due to R. Williams {Chem. Nrws, 50, 999) 
but he appears to attribute the reaction to the pretence of free acid. 
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increase with the proportion of toluidine in the sample. A more 
accurate result can be obtained in the manner indicated on page 78. 

Aniline Sulphate, (CeH7N)3H2S04. — ^This salt forms a crystallien 
powder, which is readily soluble in water and slightly so in alcohol. It 
is insoluble in ether, a fact which distinguishes it from the sulphate of 
methylamine. 

Aniline Phosphate, (C9H7N)2.H3P04, crystallises in plates. Easily 
soluble in water, ether and hot alcohol, slightly soluble in cold alcohol. 

Aniline Oxalate, (CgH^N) 21130204, is easily soluble in water, 
soluble with difficulty in absolute alcohol, and insoluble in ether. 

Aniline Acetate, C6H7N,HC3H302, does not appear to have been 
obtained in a definite crystalline form. When heated it loses the 
elements of water and forms acetanilide. 

Aniline-sulphonlc Acids. Amino -ben zene-sulphonic Acids. 

When aniline is treated with an equivalent amount of dilute or 
concentrated sulphuric acid it is converted into aniline sulphate. If 
an excess of acid be used, a high temperature employed, or sulphuric 
anhydride be present, aniline-sulphonic acid is produced: 

C.H,.NII,+ SO, ( 011 ),= C,H, I + H.OII 

Three modifications of this substance exist, which differ according to 
the relative positions of the NHj and SO3H groups in the benzene- 
nucleus. The ortho-sulphonic acid (1:2) has no practical interest, but 
the meta- and para-acids are manufactured on a large scale for the 
production of aniline- and azo-dyes. 

M-amino-benzene-sulphonic acid, CoH4(NH2)^'^ is employed 

for the manufacture of Metanil-yellow (Vol. 5). It is prepared 
by warming nitrobenzene with fuming sulphuric acid, or by treat- 
ing a solution of benzene in strong sulphuric acid with fuming 
nitric add, when a mixture of nitro-benzene-sulphonic adds, CgH,- 
(N02)S0aH, is obtained, in which the meta-acid predominates, and 
may be roughly separated from its isomers by conversion into the 
barium or calcium salt. The meta-nitro-sulphonic add yields, on 
reduction, the corresponding amino-sulphonic add. 

P-amino-benzene-sulphonic acid, CaH4(NH2)^‘^S03H^^\ likewise 
called Sulphanilic Acid, is prepared on a large scale by heating i 
part of aniline and 3 of concentrated sulphuric add to 195°. With 
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fuming acid, the reaction occurs more rapidly and at a lower tempera- 
ture. On pouring the cooled product into water, the acid separates as 
a crystalline mass, which can be recrystallised from hot water. 

Sulphanilic acid crystallises in rhombic tables containing i HjO, 
which effloresce in the air, and are only slightly soluble in cold, but 
readily in hot, water. Treatment with potassium dichromate and 
sulphuric acid oxidises it to quinone, CgH^Oj. The solution of the 
sodium salt, on treatment with sodium nitrite, yields sodium diazo- 
benzene-sulphonate (Vol. 5). Aniline sulphanilate loses all its asbic 
properties at 100°. 

Nitranllines. — WTien aniline is treated with dilute nitric acid it 
yields nitraniline. With tlie concentrated acid it reacts far more 
violently than benzene, and is converted into quinone and other products. 
To obtain a nitro-derivative by such means, the aniline must be pro- 
tected by employing its acetyl-derivative, or by nitrating in presence 
of an excess of strong sulphuric acid. In the latter case a mixture of 
the 3 isomeric nitranllines is obtained, but chiefly the meta-com- 
pound; in the former case />am-nitracetanilide, C„H^(N02).NH- 
(C2hl3 0 ), is formed, together with some of the < 7 r///^ 7 -compound, both 
of which readily yield the corresponding m'traniline, CcH^(N02).NH2, 
on boiling with concentrated hydrochloric acid or alkali hydroxide. 

Another method of preparing the nitranilines, especially the meta- 
modifications, is the reduction of the corresponding dinitrobenzenes 
in alkaline alcoholic solution. Under these cricumstances only one of 
the NO2 groups is reduced to NHj, whereas in acid solution diamino- 
benzene, CgH^:(NH2)2, is obtained (page 105). 


1 Ortho. 

Appearance and I ; NO 2 : NHj— i : j 

Meta. 

NO 2 : NH 2-1 : 3 

Para. 

NOi : NH 2-1 :4 

Crystalline form, j ; Ora^e-ycllow 

j Long yellow needles. 

j Long yellow needles. 

Taste 

j Sweet, burning. 

i Nearly tasteless. 

M. p., i 71- 5 " 

1 no” 

! 

Volatility Distils in a current 

j of steam, 

1 

Sublimes at 100 °. 
Distils in a current 
of steam. 

Not volatile with 
steam. 

Salts 1 Very unstable 

Fairly stable. 

Unstable. 

Behaviour when j 

Unchanged. 

1 

1 

Forms e-nitrophenol — 
C,H4(N02).0H 

boiled with strong j 
sodium hydroxide. 
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The nitranilines are yellow crystalline substances, readily soluble in 
alcohol but only slightly so in water. They are weak bases forming 
yellow salts, and yield the corresponding diamino-benzenes on reduc- 
tion. The preceding table shows their chief differences. 

There are 6 dinitr anilines ^ C<,H3(N02)2-NH2, melting as follows: 
2-6, 138°; 2-4, 182®; 2-3, 127°; 2-5, 137°; 3-4, 154°; 3-5, 159° Also 
a irinitraniline, CeN2(N02)3.NH2, or picramide, m. p. 188°, and is con- 
verted into picric acid, CaH2(N02)8.0H, and ammonia when boiled 
with alkali hydroxide. 

Homologues of Aniline. 

As already stated, the true homologues of aniline are substances in 
which I or more atoms of the hydrogen of the benzene-nucleus are re- 
placed by a corresponding number of atoms of methyl or otlier alkyl 
radical. The compounds in question may be prepared, and are 
produced commercially, by processes exactly similar to those which 
result in the formation of aniline. That is, the hydrocarbons toluene, 
xylene, etc., are treated with nitric acid, and the resulting nitro-deriva- 
tives are reduced to the bases by nascent hydrogen (usually produced 
by iron and hydrocJiloric acid). 

In their general chemical relationships the homologues present the 
closest resemblance to aniline, and yield substitution-products of a 
strictly parallel character. They are also diazotised similarly. 

The only homologues of aniline which require separate descriptions 
are the toluidines, CjIiyN, and the xylidines, C„H,jN. Their con- 
sideration will be followed by a section describing “aniline oils,” under 
which term is included commercially pure aniline and toluidine, and 
various mixtures of these bases. 

Toluidines. Amino-toluenes. Amino-methylbenzenes. Tolyl- 
amines. 

C,H,N»C2H2.HN2=C,H, (CH3) ) 

H VN 

H j 

The toluidines exist in small quantity together with aniline in coal- 
tar. They are produced commercially from toluene by processes 
exactly analogous to those by which aniline is prepared from benzene, 
and together with aniline constitute nearly the whole of the “aniline 
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oils” of commerce (page 74). An interesting method of producing 
toluidine is mentioned on page 52. 

Three isomeric modifications of toluidine are known. The chief 
physical differences between them are shown in the following table, 
in which they are also contrasted with aniline and their meta-isomeride 
benzylamine, CgH^.CHoNH,.^ 



A ft nine 

o-ToIuidine j 
Cll 3 :Nll 2 »»i :a ! 

m-Toluidine 

CHs-.NHj-iij 

p-Toluidine 

CHs;NHi-i;4 

Benayl- 

amine 

Sp. gr. at . 

I .0268 

i 1.0037 1 

! 0.998 (at 25°) 

Solid. 

0.990 

M. p 

Solidifies 
at - S'* 

Does not soli- 
dify at — 20'-“ 

Does not soli- 
dify at — 

+ 45 ® 

Liquid. 

B. p 

184” 


! 197° 

198^ 

i8s“ 


Cliaractersof the 
acetyl-dcriva- ■ 
tive: 1 

M. p 

114'’ 

' 

107® 

j 65-66® ' 

r p® 

57-61® 

B.p 

295® 

296^ 

302-304® 

307® 

300® 

1,000 pts. of 
water dissolve, 

3.4 at 14" 

8.6 ])ts. at 19'’ 

4.4 pts. at 13® 

0.89 at 2 2-’ 

Soluble. 

Solubility of the 
acid oxalate: 

In 1.000 pts. of 
water at is^, 



26.5 j 

8. 7 



23.8 j 



In 1,000 pts. of 
ether at 15'^, 


0.50 1 

V'ery slight. 

0.016 





Ortho-toluldine is formed by the reduction of ^>-nitrotoIuene. It 
is a colourless liquid, turning brown on exposure air or light, and 
otherwise closely resembling aniline. It differs from its isomerides by 
giving a green colouration when treated with ferric chloride and a 
little para-diamino-benzene. A solution of i in 10,000 gives a fairly 
deep colouration, and one of r in 100,000 assumes a distinct greenish 
tint. All commercial aniline gives this colouration, and even that 
prepared by the distillation of indigo with alkali hydroxide. 

Meta-toluidine is produced by the reduction of ?«-nitrotoluene, 
preferably by an acid solution of stannous chloride. It is only present 
in small proportion in commercial toluidine. For its detection and 
approximate estimation the mixed bases are converted into hydro- 

‘ BenzVLaminb is a colourless liquid of faint aromatic odour, and is not affected by 
light. It is miscible in all proportions with water, alcohol and ether, but is separated from 
its aqueous solutions by alkali hydroxides (compare " Pyridine”). It has a strongly alkaline 
reaction, fumes with hydrochloric acid, and absorbs carbon dioxide from the air, with 
conversion into silky needles of the carbonate. 
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chlorides, and the greater part of the isomeric salts removed by frac- 
tional crystallisation. The mother-liquor is evaporated to dryness, 
and the residue heated with methyl alcohol to 200°, under pressure, for 
a considerable time. This produces a mixture of the three isomeric 
dimethyl-toluidines, but only the meta-modification yields a nitroso- 
derivatives, CqH 3(NO)(CH3).N(CH3)2, on adding sodium nitrite to 
an ice-cold solution of its hydrochloride. The hydrochloride of 
nitroso-dimethyl-w-toluidine thus prepared, crystallises from a hot 
acidified solution in greenish-yellow needles only slightly soluble in 
cold water. On treatment with sodium carbonate the free base is 
obtained, melting at 92°, crystallising from water or etlier in small 
green plates .or long needles, and precipitated in moss-green needles 
on adding petroleum ether to its chloroformic solution. All its solu- 
tions have a deep green colour. Nitroso-dimethyl-w-toluidine forms 
steel-blue compounds with aniline and (?-toluidine. 

A detailed study of the oxidation products of />-toluidine has been 
made by E. Brdmstein {Der., 1901, 34, 1274-84), and resume^ of the 
work is here given. 

According to Rosenstiehl, the 3 modifications of toluidine may 
be distinguished l)y the following reactions: 


o-Tohiidine mToluidme p-Toluidine 


I. To a solution of Blue col Duration Vcllow-brown colour- 
tlic base in sulphuric changing on dilu- .'ilion, becoming- i 

acid, of 1 . 75 s;). gr., tion to a permanent greenish-yellow on 
add a solution of red-violet. ; slight dilution, and ! 

chromic acid in sul- i ! colourless on further 1 

phuric acid of the { | addition of water, j 

same strength. ; | ’ 1 

'i’ellow colouration. 

3. To a solution of 1 
the base in sul- i 
phuric acid of 1.75 ; 
sp, gr., add nitric 
acid. 

Orange colouration, 
or in very concen- j 
trated solutions, | 
brown, becoming ycl- 
! low on dilution. 1 

! i 

1 1 

i 

At first red, rapidly | 
changing to intense | 
blood -red, and then \ 
dirty red; on dilu- 
tion, orange. 

Blue streaks which 
soon tinge the whole 
liquid; (in presence 
of aniline or a-tolui- 
dine, blood red). 
The colour quickly 
becomes violet, then 
red, and, after some 
hours, brown. 

3 Dissolve the base 
in ether, and add 
an equal volume of 
water. Then add 
a few drops of clear 
solution of bleach- 
ing powder. 

The aqueous layer ; 
becomes first yel- 1 
* low and then brown. | 
The ethereal layer, 1 
after separation, ; 

1 gives a permanent ! 
reddish-violet col- 
ouration with dilute 
sulphuric acid. 

The aqueous layer 
becomes a thick 
brownish-y e U 0 w. 
The ethereal layer 
becomes reddish, > 
and after separation 
and addition of di- j 
lute sulphuric acid 
is coloured violet at 
the under-surface. 

No reaction. In pre- 
sence of aniline the 
ether becomes blue 
on agitation. 


Vol. VI.— 5 
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p-Tolnidine is produced by the reduction of the nitrotoluene derived 
from the toluene produced by the dry distillation of Tolu balsam; also 
by heating />-cresol to 300® with ammonia and chloride of zinc; and by 
molecular transposition from methylaniline hydrochloride (page 52). 
It crystallises from hot dilute alcohol in colourless plates melting at 
45°, and has a peculiar odour recalling that of aniline. 

In 1880 W. H. Perkin, by the action of potassium dichromate on 
p-toluidine sulphate, obtained 2 oxidation products, having the 
formulas CoiHjiNs and respectively. The latter com- 

pound was investigated by later workers, its constitution being deter- 
mined by A. G. Green (/. Soc. Chem. Ind., 1894, 13, 143), who 
showed it to be an amino-ditolyl-p-toluquinonediimine. Perkin ap- 
plied the oxidation with lead peroxide in similar manner to that em- 
ployed in the case of aniline (see page 57), and obtained according 
to the conditions one or other of Perkin’s compounds. 

By oxidising p-toluidine hydrochlorate or sulphate with lead peroxide 
(2 1/2-3 the weight of tJie hydrochloride) in a dilution of ia-60 
times, in tlic former ca.sc Perkin’s‘ and in the latter Barsilowsky’s* base 
is obtained. A 6% yield of the latter is produced l)y dissolving 100 grm, 
of />-toluidine in i litre of water, togetlier with just the neces.sary 
quantity of hydrochloric acid, and oxidising witli 587 grm. of manganese 
peroxide paste (15%). There were recovered 4 grm. of /^-toluidine and 
9.6 grm. of peroxide, so that 96 grm. of toluidine or 128 grm. of the 
hydrochloride required 78 grm. of manganese peroxide or in the pro- 
portion of 10:6. No Perkin’s base was obtained but 6 grm. of 
Barsilowsky’s base and a considerable amount of azotoluene. An 
18% yield of Perkin’s base was obtained by dissolving 218 grm. of 
/)-toluidine and 98 grm, of sulphuric acid, in 6.5 litres of water and 
adding 294 grm. of potassium dichromate in 35 litres of water. After 
24 hours the dark brown precipitate was filtered off, dried, and extracted 
with benzene, which, after evaporation yielded the mixture of bases. 
On boiling with 20 times the weight of absolute alcohol, 39 grm. of 
Perkin’s base remained behind, while only 0.2 grm. of Barsilowsky’s 
base was formed. In another preparation, 267.5 grm. of />-toIuidine 
gave 54 grm. of 20% of Perkin’s base, and 3 grm. of Barsilowsky’s 
base. The latter melts at 235° and dissolves in concentrated sulphuric 
acid with a pure blue colour. As already stated on boiling this base 

J Perkin's base (/>-toIylarnino-ditolyl-/?-toluquinoncdiimine). 

Barsilowsky s base (amino-ditolyl-^-toIuquinoncdiiniinc). 
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with />-toluidine and its hydrochloride in alcoholic solution it is con- 
verted not into Perkin’s base, but into the hydrochloride of the product 
C'lsHgsNs, which crystallises in brassy yellow plates, melting at 282°. 
d'he base separates from dilute alcohol in orange-red plates melting at 
251°. Perkin’s base, or tolylaminoditolyltoluquinonediimine, melts at 
183°, and dissolves with a violet colour in concentrated sulphuric acid, 
which turns green, blue, and then violet-red on dilution with water. 
The compound is basic and dissolves with a violet- red colour in hydro- 
chloric acid, but tlie salts are easily decomposed. On treatment with 
20 times its weight of 5% alcoholic sulphuric acid and standing 24 
hours, the purple red solution passes through violet to pure blue. On 
saturation witli ammonia and recrystallisation from ethyl or methyl 
alcohol, brownish-red shining needles melting at 181°, are obtained, 
tlic yield being 75% of the theoretical. The solution in concentrated 
sulphuric acid is green, becoming more and more reddish on standing 
and turning deep orange-yellow on dilution with water. 

Commercial toluidine consists chiefly of a mixture of the ortho- 
and para- modifications. According to Friswell, the sp. gr. of the 
o-toluidine of commerce should be about 1.0037, and its b. p. from 197 
to 198°. It ought not to solidify on cooling to — 4°, though the majority 
of samples contain suflicient />-toluidine to cause them to commence 
crystallising at this temperature. I'he p-toluidine of commerce occurs 
in white dry crystals, m. p. 43-45^ and distils between 196 and 198°. 
Liquid commercial toluidine should boil at 197-198°, have a sp. gr. of 
about 1. 000, and contain from 30 to 40% of />-toluidine and 60 to 70% 
of ^i-toluidine. 

A portion of the /^-modification separates from the commercial 
mixture of tlie isomers when the liquid is cooled by a freezing mixture. 
A further separation is effected in practice by fractionally saturating 
the mixture of the bases with sulphuric acid, and then distilling in a 
current of steam. n-Toluidine being a weaker base than the para- 
compound, the former will alone pass into the distillate if the quantity 
of sulphuric acid employed be somewhat in excess of that requisite to 
neutralise the /^-toluidine. 

L. Lewy [Trans. ^ 1887, 50, 872) has proposed to separate 0- and 
/>-toluidine by converting the bases into phosphates. It appears that 
when /^-toluidine and orthophosphoric acid are brought together, 
di-toluidine orthophosphate, (CyHoNjaH^PO^, is produced as a salt 
crystallising in scales and very sparingly soluble in cold water, but 
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more readily, with partial dissociation, in boiling water. Aniline acts 
similarly, forming a sparingly soluble ^//-aniline orthophosphate, 
(CJl7N)2H3P04. On the otlier hand, t?-toluidine forms a mano- 
toluidine orthophosphate, (C7H„N)H3P04, and never a di- or tri- salt. 
Hence in the phosphates obtained from a mixture of the 2 toluidines 
the proportions of the bases might be deduced from tJic percentage of 
phosphoric acid. The mono-orthotoluidine phosphate is more readily 
soluble in water than diparatoluidine or dianiline phosphate. FurtJier, 
when its solution is shaken with free aniline or />-toluidine, the (7-tolu- 
idine is set free. Hence pure i>-toluidine can be obtained from com- 
mercial toluidine^ by adding rather more of a 21% aqueous solution 
of phosphoric acid than wall suffice to form diphosphates witli the 
aniline and p-toluidine present. On warming the liquid, the free 
o-toluidine forms a layer at the surface, which may be separated and 
distilled. The process may be modified by adding a furtlier quantity 
of phosphate to convert the <?-toluidine into monophosphate, and then 
cooling the liquid and allowing it to stand to secure tire complete 
deposition of the />-toluidine phosphate. 

Wolfing (Ber., 1886, 19, 2132) states that f>-toIuidine prepared 
by Lewy himself by the above process, both on the small and large 
scale, still contained as much as 4% of />-toluidine. For the prepara- 
tion of pure />-toluidine he recommends {Dingl. Polyt. J., 263, 260) 
that the hydrochlorates of the bases should be treated with an amount 
of sodium nitrite only sufficient to convert the o-toluidinc present into 
amino-azotoluene. Only when this change is complete does the /i-tolu- 
idine react with the nitrite to form a diazo-amino-compound. 

A method of determining the proportions of the ortho- and para- 
modifications of toluidine in the commercial product has been based 
by Rosenstiehl on the different solubilities of the acid oxalates of the 
two bases. The acid oxalate of ^-toluidine requires 6.660 pts. of 
ether for solution, while the corresponding salt of o-toluidine dissolves 
in 200 pts. of ether. The method, somewhat modified, is as follows: 
0.2 grm. of the sample is dissolved in 80 c.c. of anhydrous ether free 
from alcohol; 1.059 grm. of anhydrous oxalic acid, or 1.177 grm. of the 
crystallised, acid is dissolved in 250 c.c. of anhydrous, alcohol-free 
ether. Each c.c. of this solution will precipitate 0.005 toluidine. 

An excess is added to the ethereal solution of the sample, the liquid 
allowed to stand in a stoppered bottle for 12 hours, then filtered through 

‘ The xylidincs and cumidines behave like o-toluidine, and form only monophosphates. 
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paper and tfic precipitate washed with ether. The precipitate is the 
washed into the bottle with water, and the solution titrated with N/io 
alkali hydroxide and phenolphthalein. i c.c. of N/ 10 alkali represents 
0.00535 grm. of />-toluidine. Miniati, Booth, and Cohen (/. Soc. 
Chem. Ind.y 1889, 6, 419) find that if too long a time be allowed for the 
precipitation, the product is liable to contain the o-toluidine oxalate, 
and hence the result will be above the truth. They recommend that a 
repetition of the experiment should be made, in which the amount 
of oxalic acid solution used is only that requisite to combine with 
the />-toluidine foimd by the first test, so reducing the error to a 
minimum. 

G. Lunge {CliemiscJie Ind.y 8 , 74) estimates the proportion of p- and 
^7-toluidine in a mixture of the two by a careful observation of the sp. gr. 
The determination is made by the bottle, and referred to water at 15°. 
If the sample does not contain more than 50% of />-toluidine it is liquid 
at 15°, and consequently the observation is made at that temperature. 
With 50 to 60% of />-toluidine the method is still available if the bottle 
be filled at 20°; but with still larger proportions the results are unre- 
lialde, as the correction for temperature loses in accuracy, and the 
differences in sp. gr. become very small for considerable alterations in 
the composition of the mixture. It is very desirable to adhere rigidly 
to the prescribed temperature, as an error of i® causes an error of 7% 
in the estimation. The correction is ±0.0008 for 1°, when the sp. gr. 
is above 1.0008, and ±0.0007 when below tliat point. All water must 
be removed by treating the sample with powdered potassium hydroxide 
and redistilling. The distillation also serves to show tlie presence of 
aniline or xylidine, in presence of notable quantities of which the 
method is inapplicable. 

Lunge gives the following table of densities of mixtures of p- and 
<?-toluidine, water at 15° being taken as unity: 

A method of separating <7-toluidine from /?-toluidine has been based 
by P. Schoop {Chem. Zeit.y 1885, 9, 1785) on the observation of Weitli 
and Merz, that the acetyl-derivatives of o-toluidine is far less soluble 
in water than tliat of the i.somer and of aniline. Schoop’s method has 
been found unsatisfactory by several chemists, and need not be further 
described, 

A method of estimating ^-toluidine in admixture with (7-toluidine 
has been based by G. A. Schoen {Chem. Zeii.y 12 , 494; J. Soc. Chem. 

7 > 594) on the intensity of the red colour produced witli potassium 
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Sp. gr 

1 o-ToIui- 

Sp. gr. 

c)-ToIuo- 

Sp. gr. 

i o-Tolui- 

Sp.gr. 

! 0-Tului 

at 15® 

1 dine. % 

at 15° 

dine, ‘ c 

at 30“ 

1 dine, % 

1 at 30 ° 

j dine, ' 

I . ooj 7 

1 roo 

1.0016 

‘ 8aJ 

0.9995 

65* 

0.9939 

' 50 

36 

99 

15 

82 

94 

65 

38 

49 * 

35 

; 98 

14 

Si 

93 

64 

37 

48J 

34 

97 

13 

So 

93 

63 

36 

48 

33 

96 

12 

79 f 

91 

63 

35 

47 * 

33 j 

95 

1 1 


90 

61* 

34 

46* 


94 

10 

77 * 

89 

6 t 

33 

46 

30 ! 


09 

77 

88 

60 

33 

45 

29 

„ 

93 i 

08 

76 

87 

59 

31 

44 * 

28 j 

91 i ^ 

07 ; 

75 

86 , 

.58* 

30 

44 

37 I 

91 ( 

06 ; 

74 

85 

5 8 

39 

43 

26 1 

90 : 

OS , 

73 

84 ' 

57 * 

28 

43 

"J 

89 i M 

04 j 

72* Ij 

83 

56 * 

37 

4 Z 


88 J 

03 1 

73 11 

83 ! 

S6 

0.9936 

40 

33 i 

88 

02 1 

71 l! 

81 1 

55 



22 j 

87 1 

or j 

70 j! 

80 ! 

54 * 

1 


at 

86 J' 

I . 0000 1 

69 

79 ' 

54 



20 1 

86 

0.9999 1 

68* 

78 ; 

5 3 



19 1 

85 

98 1 

68 ; 

77 ’ 

5 2 * 



18 ‘ 

84^ 

97 ; 

67 

76 

hi 

1 


0017 

83 i 

0.9996 ; 

66* 

0.9975 

51 




dichromate. If tlie sp. gr. indicates the presence of more than 8^^ 
of /^-toluidine it is reduced below that proportion by adding ()-toluidine. 
I c.c. of the oil is then dissolved in 2 c.c. of hydrochloric acid and 30 of 
water, and 1 c.c. of a cold saturated solution of dichromate of potassium 
added. The mixture is allowed to stand for an hour, with occasional 
stirring, and is then filtered. < 7 -Toluidine gives a black lake and a 
colourless liquid, but in presence of /)-toluidine the precipitate is light 
brown, and the filtrate has a red colour, intense in proportion to the 
p-toluidine present. Pure aniline behaves like < 7 -toluidine, but in 
presence of the latter a red filtrate is produced. Hence aniline must 
be absent, or its amount must be deduced from the b. p. and sp. gr. of 
the sample, and a corresponding amount added to the standard mixture 
with which the sample is compared. 

A method of estimating small quantities of impurities in o-toluidine 
and < 7 -nitrotoluene has been proposed by A. F. Holleman. (Hec. 
trav. chim. Pays-Bas, 1908, 27, 458-642). The impurity usually 
encountered in o-toluidine is the /^-compound and the amount of this 
is estimated by converting the sample into the acetyl-derivative and 
observing the solidifying point. The solidifying points of known 
mixtures of the acetyl compounds of <?-and />-toluidine are given in the 
following table: 

P-Compound, %. 


Solidifying point. 
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42.8 grm. of the toluidine to be tested are added slowly to a solution 
of 25.2 grm. of oxalic acid discovered in i litre of hot water. After 
cooling to 0°, the crystals are collected on a filter and washed once with 
a litte water. The toluidine is then regenerated from both crystals and 
filtrate by adding sodium hydroxide and distilling in steam. After 
separating the oil, the aqueous liquor must be extracted twice with 
ether to avoid loss. Both portions of toluidine are now converted 
into the acetyl compound by using for i grm. of toluidine, 2 c.c. of 
glacial acetic acid and i c.c. of acetic anhydride, evaporating on a 
water-bath and distilling in a vacuum. The solidifying point of the 
2 portions is determined and the amount of ^-toluidine deducted from 
above table. When the amount of ^-compound exceeds 1-2% the 
toluidine can be directly converted into the acetyl derivative witliout 
first preparing the oxalate. The presence of ^-nitrotoluene in i?-nitro- 
toluene is detected by«first reducing with iron and hydrochloric acid 
and treating the resulting toluidine in the above matter. 

Xylidines. — Amino-dimethylbenzenes. QH3(CH)2.NH2. 

Six isomeric substances of the above formula are theoretically 
possible, and all of them are known. Thus:^ 



I'-Orthoxyli- : 
dine : 

n 5 -Orthoxyli- ; 
dine. 

v-.Metaxylidine 

Wroblcwsky’s 

so-called 

Orthoxylidine 

Hydrochloride 

+ 1 H2O 

4 - 1 H ;0 1 

+ needles 

+ i IIcO 

Solubility in 100 of 1 
w.'iler at 18°. 1 

1 1 . 3 

Very soluble. ; 

9-3 

Very soluble. 

Nitrate 

Anhydrous. 

Anhydrous. 

♦ Anhydrous. 

Anhydrous. 

Solubility in too of 
water at 18°. 

6.6 

0.4 i 

a . a 

a. 7 

Normal sulphate 

Anhydrous. 

Anhydrous. 

Anhydrous. 

Anhydrous. 

Solubility in 100 of 
water at i8“. 

..4 ; 5.6 

1 ' 

Very soluble. 



Add sulphate 

Is not formed under ordinary j 
condition.s. 1 

4 - ai HjO 

4 - ai H :0 

Solubility in 100 of 
water at i8°. 


1 6. a 

j Very soluble 

1 : 


‘ The table is chiefly drawn up from the descriptions of the isomeric xylidines given by 
Roscoe and Schorlemmer, The characters differ considerably from those attributed to the 
isomers by Wroblewsky (Annalen, 207, 91). Nolting and Pick {Btr., 1888, 21, 3150). 
however, consider that Wroblcwsky's I'-oxylidine was simply impure f-metaxyUdine, and 
give the following table of characters of xylidine salts: 
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Base 

Positions of 
Groups. 
CH 3 ;CIl 3 ;NH.. 

B. p. 

Acetyl-derivative 

^ Characters of 
Hydrochloride 

M. I*. Appearance, etc. 

I’-Orthoxylidine. . . 

i: 3 :j 

223'’ 

134'’ White needles. .Moderately solu- 
ble white needles 
i containinii 

i r H.O, 

o-Orthoxylidine. . . 

1:2:4 

226° 
(melts 
at 49°) 

! 99° Long vitreous Long, very thin 

! I*risms. ' prisms, contain- 

ing I H ..O. 

t'-.Metaxylidine. . . . 

• 

1:3:3 

1 216® 

i 

176.8° White needles; Thin anhydrous 
not sapuni- plates; readily 

, tied by boil- soluble. 

' in^r alkali or , 

i 1 acid. i 

a-Metaxylidine. . , . 

1:3:4 

212° 

129° White needles. Anhydrous rhom- 
bic tablets; 

slightly soluble 
in cold water. 

s-.\Ietaxylidine. . . . 

1:3:5 

2 30^ 

140.5° flat Large anhydrous 

needles. needles. 

Paraxylidine 

1:4:2 

213-5'^ 

159° Long lustrous Flat needles or 
needles, large tablets. 


The modilicalions of .xylidinc produced by nitrating the xylenes 
coabtar naphtha and reducing the nitro derivatives are chielly a-o~xy- 
lidine, ( 7 -w*xylidine, and /^-xylidine, but 2 of the other isomers arc also 
said to be produced. Only the a-meta-modilication is of any value for 
the manufacture of azo-colouring matters, and of the cumidines, 
CeH2(Cfr3)3.XH2, which are prepared by heating xylidine liydro- 
chlorides with wood spirit, only pseudo-cumidine is of value. On 
this account, the useless isomers arc removed as far as possible from 
the metaxylene before nitrating (Vol. 2, page 219), and in fact the 
presence of even a few units per cent, of o-xylene will occasion con- 
siderable practical inconvenience by the formation of tarry matters 
during its conversion into .xylidinc. On the other hand, commercial 
xylidine often contains as much as 25% of /^-xylidine. Z'-w-xylidine 
(1:3:2) is prepared by converting commercial xylidine into the sulphate, 
which is allowed to crystallise, and the base liberated from the mother- 
liquor by alkali. The fraction distilling between 212° and 216° is 
heated with acetic anhydride. The z/-w-acctxylidide formed is not 
acted on by boiling for several hours with 4 times its weight of dilute 
sulphuric acid containing 25% of HjSO^, but its isomers arc decom- 
posed. On cooling, the unchanged acetyl-compound separates, and 
after recrystallisation from hot water melts at lyb^.S. On heating it 
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for some lime to 200°, with three parts of sulphuric acid containing 
-0' f of ILSO^, tiie sulphate of z/-;;/-xyIidinc is formed. This salt 
dilTers from the sulphate of the isomeric xylidines in its very ready 
solubility in water. 

<i-(?-Xylidine (1:2:4) is the only modification of xylidine which is 
solid at ordinary temperatures. By gradually evaporating its solution 
in petroleum ether, it is obtained in thick monoclinic prisms, but when 
rapidly deposited, or caused to solidify quickly, it forms transparent 
vitreous tablets. It melts at 49°, and is sparingly soluble in cold 
water, but readily in hot water, and also in alcohol and ether. Its 
aqueous solutions are not coloured by bleaching powdcT solution. 
The hydrochloride is readily soluble in water, but only slightly in 
strong hydrochloric acid; its aqueous solution imparts an intense 
yellow colour -to fir-wood. 

fl-w-Xylidine (1:3:4). or ordinary xylidine, is best obtained by 
converting commercial xylidine into the hydrochloride and crystallising 
the product from water. Both the hydrobromide and hydrochloride 
are only slightly .soluble in cold water. The last traces of impurity 
can be removed from w-xylidine by converting it into the acetyl- 
derivative, and reciystallising this substance from benzene till it has a 
m. p. of 129°. It is then decomposed by sulphuric acid. 

/)-Xylidine (1:4:2) has a sp. gr. of o. 9S0. It is prepared by treating 
commercial .xylidine with fuming sulphuric acid containing sullicient 
sulphuric anhydride to convert the l)ases into sulphonic acids. The 
mixture is heated to 100° for some time, allowed to cool, and the solid 
mass pressed under water to separate ;;/-xylidinc-sulphonic acid in the 
crystalline state; or the hot liquid is poured upon ice, when the ;n-sul- 
phonic acid, being with difficulty soluble in dilute sulphuric acid, 
cry.stalliscs out. The mother-liquor is neutralised with chalk, filtered, 
precipitated with .sodium carbonate, and again filtered. On concen- 
trating the filtrate, the sodium salt of />-xylidine-sulphonic acid sepa- 
rates in nacreous plates, which are washed with a little cold water to 
free them from traces of tlie readily .soluble meta-sulphonate. The 
salt yields /^-xylidine on dry distillation with ammonium chloride, 
while the sodium .salt of w-xylidinc-sulphonic acid chars under the same 
treatment. />-Xylidinc may also be obtained by nitrating and reducing 
/>-xylcne, which may readily be prepared from commercial xylene 
(Vol. 3, page 219). 

Cumidines. — Amino-trimethylbenzenes. CJl2(CII.j)3.NH2. 



74 


ANILINE AND ITS ALLIES. 


Various isomerides of this formula are known. The solid variety 
of commercial cumidine is made by heating xylidine hydrochloride 
and methyl alcohol together under pressure, to about 300°. The 
bases are liberated and converted into nitrates, and the difficultly 
soluble nitrate of pseudocumidine separated from the mother-liquor. 
The base is again liberated and distilled. The fraction passing over 
between 230 and 240° crystallises on cooling, and consists of amino- 
pscudocumene: (CH3:CH3:CH3:NH2= i:2:4:5). It crystallises from 
hot water in long needles, and from alcohol in large prisms, melts at 
68°, and boils at 234-236° When converted into diazocumene it can 
be used fOr the preparation of azo-colours by reaction with naphthol- 
mono- and di-sulphonic acids. 

Isoduridine. Amino-tetramethylbenzene. CaH(CH3)4.NH2. 

Wlien the hydrochloride of pseudocumidine is heated with methyl 
alcohol to 300°, the hydrochloride of isoduridine is formed. The free 
base, which also occurs among the bye-products of the manufacture of 
pseudocumidine, is an oily liquid which boils at 250-253°, and solidi- 
fies on cooling to crystals, m. p. at 14°. 

Amino-pentamethylbenzene. Ce(CH3)5.NH2. 

This base is obtained by heating dimethyl-a-pseudocumidine with 
methyl iodide. It forms large white needles, m. p. 151° and b. p. 277°. 

Aniline Oils. 

The term “aniline oils” is applied commercially to all the different 
varieties of aniline manufactured on a large scale, equally whether the 
product in question consists of nearly pure aniline, of toluidine, or of a 
mixture of the two. The method of manufacturing tlie different 
varieties of aniline oil is substantially the same, the composition of the 
product depending on that of the hydrocarbon employed. The details 
of the method of manufacture are, of course, subject to variation, but 
the following is an outline of the method pursued in a well-known 
aniline works: Crude coal-tar naphtha is redistilled to a temperature 
of 170°. The product of the distillation, called “once-run naphtha,” 
is treated with strong sulphuric acid (sp. gr. 1.845) which removes the 
bases, hydrocarbons of the olefine and acetylene series, and some of the 
higher homologues of benzene. A subsequent treatment with milk of 
lime or sodium hydroxide eliminates the phenols and other substances of 
an acid character. The purified oil is washed with water and redistilled 
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to obtain “50/90 benzol,” and this when fractionated with the aid of a 
dephlegmating column at once yields 99% benzol, toluol, and solvent 
naphtha (compare Vol. 3, page 233). Solvent naphtha is now gen- 
erally further treated for the isolation of xylene, but the benzols and 
toluol are directly converted into the nitro-compounds by placing them 
in a vessel surrounded with cold water, and gradually running in a cold, 
previously made mixture, of 150% by weight of nitric acid of 1.4 sp. gr. 
with 200% of concentrated sulphuric acid. When the reaction is com- 
plete the mixture is allowed to stand, and the lower layer of acid is 
tapped off and concentrated again in glass for repeated use. The 
nitrobenzol is washed several times with sodium hydroxide, and then 
treated with open steam to drive off unchanged benzol and “light 
stuff.” The nitrobenzol (or nitrotoluol obtained in a precisely similar 
manner) is then placed in a still with hydrochloric acid, and borings or 
filings of grey cast iron added gradually. High-pressure steam is 
blown in, and the nitrobenzol which distils over is separated from the 
condensed water, and returned to the still until the complete solubility 
of the distilled oil in hydrochloric acid shows that the reaction is com- 
plete. Milk of lime is then introduced, and the liberated aniline 
distilled off by the aid of steam. Aniline sinks to the bottom of the 
condensed water, but when toluidinc is being made the oil floats on 
the surface. The condensed water contains from 2 to 3% of dissolved 
bases, and is converted into steam for the aniline stills. The iron is 
converted into a black paste, consisting chiefly of FcgO^, which is sold 
for purifying gas. The aniline oil is distilled to separate water, etc. 
The addition of lime to liberate the aniline is not strictly necessary, and 
in many works it is omitted. The first reaction seems to be; 

CeHs.NOj 4 - Feg + 6 HC 1 = 3FeCl2 + CeH^.NH^ + zH^O. 

The ferrous chloride formed also acts as a reducing agent, being 
converted into ferric chloride, which in presence of water gives ferric 
oxide and aniline hydrochloratc. The end-products are chiefly 
aniline, ferroso-ferric oxide, and a weak solution of ferrous chloride. 
The hydrochloric acid seems to act chiefly as a carrier, so that the 
general reaction may be represented by the equation: 4C0H5.NO2 + 
gFe-f 4H20 = 3Fe30<-|-4CflH5.NH3. Acetic acid was formerly em- 
ployed in place of hydrochloric acid, but its use is now almost, if not 
entirely, obsolete. Its use in too large a proportion tended to the for- 
mation of acetanilide. Too large an excess of iron, or its too rapid 
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addition, may cause loss from a reproduction of benzene, which defi- 
ciency of both iron and acid favours the production of azo-benzene. 

Composition and Assay of Aniline Oils. 

There are 3 leading kinds of aniline oil now recognised in the 
market, namely: (i) Pure aniline oil; (2) aniline oil for red; and (3) 
toluidine. The demand for .xylidine for the manufacture of azo-reds 
has considerably influenced the character of commercial aniline; since 
the 50/90 benzol, which was commonly used for the manufacture of 
“aniline for red,” formerly contained a notable quantity of xylene, 
which is now removed and converted separately. Since the employ- 
ment of dephlegmating columns has become usual, benzene and toluene 
of almost constant b. p. have been manufactured. From the pure 
hydrocarbons the corresponding bases are prepared, while from the 
intermediate oil, containing about 25% of benzene and 75 of toluene, 
an aniline oil for red is manufactured, which contains about 25% of 
aniline, from 20 to 25 of/?-toluidine, and 45 to 50^'/, of (7-toluidinc.^ 

In addition to the foregoing leading qualities of aniline oil, products 
of very' varying composition and degrees of purity have to be dealt with 
by the dye-manufacturer. Thus in making magenta by the arsenic 
acid process, fully one-fourth of the aniline distils off and is condensed. 
But this recovered aniline is found on rectification to have a consider- 
ably higher density than the original oil (1.015 to 1.009 against 1.0075), 
and to consist almost entirely of aniline and (?-toluidine, whereas the 
original oil contained from 15 to 25% of />-toluidine. This is either 
employed for the maufacture of saf ranine or very red shades of blue, 
or crude p-toluidine is added to it in such proportion as to bring it 
approximately to the original composition. Similarly, in the manu- 
facture of magenta by the nitrobenzene process, the recovered aniline 
contains notable quantities of nitrobenzene, while from other processes 
methylated and ethylated anilines arc obtained. Recovered anilines 
are deeper in colour and of greater body than unused oils, and often 
have a strong and somewhat characteristic odour. They are rarely 
met with outside the colour-works in which they have their origin. 

On next page is a tabulated list of the more important or frequently- 
occurring constituents of aniline oils.^ With the exception of aniline 

1 The composition of aniline oil for red is often judged of by the consumer solely from the 
sp. gr., and he or the aniline-maker adjusts it accordingly by adding aniline or toluidine 
to the crude oil as the gravity may indicate. 

* Hell and Rockenbach {Her., 1880, 22 , 505) have investigated some other non-basic con- 
stituents of aniline and toluidine tailings. 
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and its homologucs, and the substituted anilines, very little is known 
respecting the effect of the substances formulated in the table on the 
colouring matters produced. For the most part the objectionable im- 
purities are got rid i^y fractionating the crude aniline oil. 

N.ime Formula j M. p. • B. p. j Remarks 


Aniline 



183.7° 


Toiui- 

dine 

1 C 6 H 4 (CH 3 ).NH 3 

J 

below — 20'^ 
ijelow— 

as’’ 

I 

197® 

198 


Xylidine (several 
isomers). 

Cf,H3(Cl1j)2.NH-. 


2 1 2-2 26 

Curnidine (several 
isomers, chiefly 
pseudocumidinc). 

C6Hj(CH3)3.NH. 

03 ° 

235’ 


Methyl-aniline. . . . 

CoH5.NH(CH3) 


192° 


Dimethyl-aniline , 

CJI,,.N(CH 3)2 

0 . S " 

.02® 


Ethyl-aniline 

CflllvNlKWI.) 


204® 


Diphenylamine. . . 

CsH., NIl(C.,H.,) 

s r’ 

02'’ 


Acetanilide 

C«H, .NI 1 (C:H 30 ) 

I J 

295° 


Acetotoluidide | ^ 

j C„nt(CH 3 ).NII(C:.H 30 ) 

6:; 06 ^ 

147 ’ 

}02 -30.}'- 
300-307® 

[ Produced by action 
' of heat on tolui- 
[ dine acetate. 

Nitranilincs 

C,;H 4 (N 02 ).NH 2 . 



From_ imperfect^ re- 
duction of dinitro- 
henzene. 

Faranilinc 

CisHuNi 


330® 


Xenylamine 

CnHy.NH' 

1 S'’ 

3 2 2 " 


Phenylcne- di- 
amine (para-). 

CoH 4 :(Nll 3)2 

<>3 

287® 

Reduction of din tro- 
benzene. 

Toluylene-di- 
amine (para ). 

C«n 3 (CH 3 ):(NH :)2 

99 ’ 

283-285® 

See j.age 107. 

Azobenzene 

C6H3.N2.C4H6 

<J.i ' 

293° 

Imperfect reduction 
of nitrobenzene. 

Nitrobenzene, ... 

C,H 6 .(N 02 ) 


i !0° 

Vol. 3, page 2 1 1. 

(5- 

Dinitro-ben- m- 
zencs 

.P- 

i ! 

; CoH4(no2)2 

1 ! 

1 

90'’ 

172° 

1 

Monoclinic tables. 
Long needles or thin 
rhombic tables. 
Monoclinic needles. 

Nitrotoluenes ■ m 
P- 

1 C,,H 4 (CH,)(N 0 :) I 

)cloW— 20 

16® 

54® 

223® 

230® 

238° 

Sp. gr. 1 . 163 at 23.5® 
Sp. gr. 1 . 168 at 22°. 

Benzene 

CoH, 

5 . 5° 

80. s° 

Vol. 3, page 199. 

Toluene 

C*H:,(CHi) 

below — 20" 

1 n° 

Vol. 3, page 2 IS. 

Aminothiophene. . 

C4H3S.NH2 




Paraffins 

C2H2n+2 



Especially in aniline 
oils derived from 
cannel-tar benzols. 
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The assay of aniline oils is usually limited to observations of the 
colour, odour, and sp. gr., supplemented by a careful fractional distilla- 
tion and tests for water, nitrobenzene, hydrocarbons, etc. 

The sp. gr. of aniline oil is a valuable indication of its composition. 
The observation must be made by the plummet or sp. gr. bottle at 
exactly 15°, and tlie result referred to water at the same temperature 
taken as unity. ‘ 

The following figures represent the densities as thus observed: 


Pure aniline, 

Aniline oil for red, 
o-Toluidine, 

Mixture of equal parts of 0- and 
/>-toluidine, 

/>-Toluidine (solid), 


sp. gr. at 15°. 
1.0268. 

1.0075 1. 0012. 

1.0037. 

0.9975. 

1.046-. 


The odour of pure aniline is very different from that of the toluidines. 
The presence of toluidine in aniline is indicated by the density of the 
sample, its diminished solubility in dilute alcohol (page 79), and by the 
results of the fractional distillation (page 79). In addition to these 
characters, the following tests are sometimes of service: 

Pure aniline affords no ro.saniline on treatment with oxidising agents, 
but if toluidine be present magenta is readily formed. The test is best 
made by mixing 5 c.c. of the sample of aniline with an equal measure of 
a concentrated solution of arsenic acid, containing about 75% of AsjOg 
and having a density of 2.04. The mixture, contained in a small flask 
or long test-tube, is immersed in a paraffin-bath heated to 180°. The 
mixture rapidly changes in colour, and swells considerably. When the 
action is complete, the contents of the tube acquire a metallic bronze 
appearance and no longer intumesce. The product is treated with 
boiling water, when, if the sample contained toluidine, arseniate of 
rosaniline dissolves and communicates an intense crimson colour to the 
liquid. Neither pure aniline nor toluidine alone gives this reaction. 

If a sample of commercial aniline be mixed with some solid magenta 
and a few drops of glacial acetic acid, and the whole heated to 180°, 
as described above, ammonia is abundantly evolved, and in a short 
time the mixture becomes intensely blue from the formation of tri- 

' P. Schoop (Chem. Zeit., 1885, 9, 178) gives the sp. gr. of pure aniline a.s 1.0377 at 
<?-toluidine as 1.0143; and p- toluidine as 1.0045 at the same temperature; the coefficient 01 
expansion being in each case 0.00081 for 1°. 
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phenyl-rosaniline. With pure aniline the blue is very pure in shade, 
but when toluidine or xylidine is treated in a similar manner the 
product is intensely purple, and a mixture of the bases gives propor- 
tionate intermediate shades of colour. If a little of the “melt” be 
withdrawn from the tube, diluted considerably with alcohol, a few 
drops of acetic acid added, and then streaked on white filter-paper by 
means of a glass rod, the purple tint is readily observed, especially if 
the paper be held up before a gas-flame. 

A valuable indication of the general composition of an aniline oil is 
oiitained by submitting the sample to fractional distillation, and noting 
the proportions of distillate obtained at various temperatures. The 
distillate may be measured after each rise of 5° in the b. p. of the 
sample, or the temperature may be observed when each consecutive 
5 or 10 % fraction has passed over. The latter is the plan now com- 
monly adopted, 100 c.c. of the sample being employed, and tlie 
arrangement of the apparatus being exactly the same as in the 
fractional distillation of benzols (Vol. 3, page 233). 

The heat is applied cautiously at first, in order to dissipate any 
water. When this is effected, which will be known by the rapid rise 
of the thermometer, the heat is so regulated that the distillate shall 
fall in distinct drops, about 60 per minute. With each increase of 
10 c.c. in the volume of the distillate tlie temperature indicated by the 
thermometer is observed and recorded, the process being continued 
till 90 or 95 c.c. have passed over. 

A very simple test for aniline oils was devised and communicated to 
Allen by the late B. Nickels, who found it to give useful results, and to 
indicate differences between samples not readily distinguishable by the 
ordinary fractional distillation process. The test is based on the 
greater solubility in dilute alcohol of aniline as compared with toluidine 
and .xylidine, and is thus performed: 5 c.c. measure of the sample is 
taken with a pii)ette and diluted to 40 c.c. with methylated spirit. 
Distilled water is then gradually added from a burette, witli constant 
shaking, till a permanent turbidity is produced, when the volume of 
water employed is noted. Operating in this way, a sample of very 
pure aniline required 126 c.c. of water to produce permanent turbidity. 
The following figures, obtained by Nickels in 1881, show the results 
yielded by three typical specimens of commercial aniline as then 
manufactured: 
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A. 

n. 

c 




Pure aniline 

Heavy aniline 

Toluidine 

Coloi 



Pale amber. 

Amber. 

Deep brown. 

bp- g 

r. at I . . 


1.025 

I . Ot I 

1.002 

Watc 

r required to 

r precipitation . . . 

106.4 

7 . 3.7 e-.c. 

63.2 e.c. 

10% 

distilled ovoi 

at 


180° 

I 9 S'’ 

20% 

distilled ovei 

r at 


i8oi 

1 9 .5 ■; 

30% 

distilled ovci 


1835 

100 

‘ ig6 


distilled ovei 

r at 

184 

igi 

i 96 i 

50' 0 

distilled ove: 

r at 

iS 4 k 

mi 

197 

60% 

distilled ove 

rat 

184 

; i 92 i 

i 97 i 

70% 

distilled ove 

r at 

184 

' 193 

198 

80% 

distilled ove 

r at 

. . . 184 

I 94 \ 

I 98 i 

9o''o 

distilled ove 

r at 

iS.A 

; 197 

199} 

95 ' 0 

distilled ove 

r at 

l 84 i 

; 201 



Sample A was a fair commercial specimen of the quality known as 
‘‘pure aniline,” and actually contained some 95% of real aniline. An 
article of this high purity is required for the manufacture of aniline 
blue, triphenyl-rosaniline (see page 76), any notable admixture of 
toluidine resulting in a product dyeing with reddish tinge. ^ 

The quality known as “heavy aniline,” exemplified by B, is a fair 
sample of aniline oil for red (see page 76). This class of aniline is 
produced from benzols containing a considerable proportion of toluene, 
and the aniline oil itself is a mixture of aniline and toluidincs. Good 
samples of aniline oil for red contain from 35 to 42% of real aniline, 
35 lo 50% of o-toluidine, and 14 to 24% of />-toluidine. 

R. J. Friswell thinks 100 c.c. an undesirably small quantity for 
fractional distillation. He prefers to operate on 250 c.c. which he 
distils in a llask with a side-tubulure, and he recommends an observa- 
tion of the temperature at w'hich the last drop disappears from the 
bottom of the flask. A naked flame is u.sed, and a few fragments of 
platinum wire or fire-brick added to the content.s of the flask. The 
following figures were obtained by Friswell (Thorpe’s Diet. Applied 
Chem., I, 165) by the examination of commercially pure aniline. 

' No. I ; No. 2 No. 3 


Sp. gr. at 15’ 


1.02684 

1.02690 

10% over at 

20% over at 

30% over at 

184.7“ 

1 84 . 6" 1 

I 184.6" 

: 184.7 

184.8 

' 184.6 

184.7 

184.8 

1 184.7 

40% over at 

50% over at 

60% over at 

1 184.7 

184.8 

184.7 

! 184.8 

184.8 

184.8 

! 184.9 

184. 8 

184.8 

70% over at 

80% over at 


184.8 

184.9 

' 185.1 

184.8 

184.9 

90% over at 


184.8 


Dry at 

i 1 

186.8 ! 

j 185.0 


’ In good samples the b. p. holds closely together, differing by i or 2 only. 
Inequalities or jumps in the b. p.^ especially at the beginning and end of the distillation, 
indicate badly-made samples or mixtures. 
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Any water present in aniline oil will be found in the very first portions 
(first fraction of io%) whenever the sample is submitted to distillation. 
It takes the form of globules, which are not miscible with the next 
fraction of the distillate nor with petroleum spirit. Water may exist in 
aniline in any proportion from a trace up to 3 or 4%, but a good commer- 
cial rectified specimen should no contain more tlian 0.5%. Aniline is 
readily soluble in a strong aqueous solution of aniline hydrochloride. 
A solution of the kind, of 1.08 sp. gr. is stated by Watson Smitli to be 
sometimes sold as aniline oil, which in colour and taste it closely 
resembles. Such a fraud would be at once detected on distillation. 

Benzene, toluene, and other hydrocarbons will .separate when the 
first fraction of 10% (10 c.c.) is treated with an equal volume or slight 
excess of hydrochloric acid, and water added to 100 or 150 c.c. They 
assume tlie form of oily globules which float even on diluting tlie liquid. 
The best samjiles of pure aniline show only a slight opalescence when 
thus treated, but the smell of the “light stuff” is always perceptible. 
In recovered anilines these impurities exist to a notable extent, since 
they .survive the reactions by which Uie ba.scs are consumed. Aniline 
for red usually contains somewhat more hydrocarbons than pure 
aniline. 

Nitrobenzene and nitrotoluene may be recognised, even when mere 
traces arc present, by tlie milky appearance of tlie liquid produced by 
saturating 10 c.c. of the original sample of oil with hydrochloric acid. 
On diluting tlie liquid with water, and leaving it at rest for some hours, 
any considerable quantity of nitrobenzene will collect at the bottom 
in the form of oily globules, which, after separating the acid liquid, 
may be identified by the smell and other characters. Still smaller 
quantities of nitrobenzene may be recognized if the “tailings” be 
operated upon instead of tlie original sample. Nitrobenzene occurs 
more frequently in magenta-aniline and toluidine than in tlie oils of 
lower b. p. 

Nitrobenzene is also indicated by the yellow colour of the frotli pro- 
duced when the sample is violently agitated. 

Acetanilide and acetotoluide were impurities characteristic of 
aniline prepared by the reduction of nitrobenzene with acetic acid and 
iron, but are now rarely met with in aniline oils. In any case tliey 
would become concentrated in the “tailings,” together with phcnylene- 
<liamine, azobenzenc, paraniline, xylylamine, etc. 

Aniline tailings is the name applied to tlie least volatile portion of 
Vol. VI.-6 
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aniline oils. They contain little or no aniline; some toluidine, xylidine 
and cumidine; nitrobenzene and its homologues; and some or all of the 
bi-products tabulated on page 77 which boil above 200*^. 

The composition and special methods of examination of commercial 
toluidine are described on page 63 et seq. 


Anilides. 


The anilides are derivatives of aniline in which one or both of the 
hydrogen-atoms of the amino-group are replaced by acid-radicals. 
The homologues of aniline yield similar derivatives {e. g., aceto-toluide. 
The most important and typical member of the class is acetanilide or 
phenylacetamide: 

or C^HgO.NIKC^HJ. 


A number of derivatives of acetanilide have been prepared, and 
certain of them have found some employment as analgesics and anti- 
pyretics, as for instance: 

Acetanilide. Phenylacetamide. Antifebrin. CgH^.NHCCjHaO). 
Bromacetanilide. Antiseptin. Bromi- 
nated antifebrin. 

Methylacctanilide. Exalgin. Methyl- j c,H,,N(CH,)(C,H,0). 
ated antifebrin. | e 6 v 3/ v 2 3 / 

Aceto-amidophenol. Hydroxy-antifebrin. CeH4(0H).NH(C2H30). 
Aceto-anisidine. Methacetin. 

Methoxy-antifebrin. 

Acet-phencthidine. Phenacetin. 

Ethoxy-antifebrin. 

Amido-phenacetin. Phenocoll. CaH^(0.C2H5).NH(C2H20.NH2). 


CeHBr.N.HCCjHgO). 


-'0 

I C,H,(0.CH,).NH(CjH,0). 
[ C.H.(O.C,H,).NH(C,H,0). 


Most of these substances arc described in the following pages. The 
relationship of antifebrin to hypnone, hydracetin (pyrodine), and 
phenyl-urethane, is shown by the following formulaj: 


Acetophenone. Hypnone, 
Acetanilide. Antifebrin (see below). 
Acet-phenylhydrazine. Hydracetin. 
Lsevulinyl-phenylhydrazine. Anti- 
thermin. 

Phenyl-urethane. Euphorin. 


C,R,.{CO.CK,). 

C«H5.NH.(C0.CH3). 

C«H,.NH.NH.(C0.CH3). 

J C,H,.NH.NH.(C,H,0,). 

C,H..NH.(CO.O.CA)- 
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Acetanilide. Phenylacetamide. CflH 5 .NH(C 2 n 30 ). 

This substance was originally obtained by the action of acetyl 
chloride on aniline. It is more conveniently prepared by boiling 
aniline with* glacial acetic acid for many hours under an inverted 
condenser, until the product solidifies on cooling. The mass is then 
melted and poured into water, to remove unconverted aniline and 
acetic acid. It may be purified by distillation and crystallisation from 
alcohol, benzene, or hot water, from which it separates in colourless 
unctuous lamin.T, resembling boric acid, soluble in about 190 parts of 
cold or 18 of boiling water. Acetanilide is odourless, but produces a 
slight burning sensation on the tongue. It occurs commercially as a 
cry’stalline powder or scales. It melts at 113°, and distils un- 
changed at 295®. Acetanilide dissolves in 3.5 parts of alcohol, and 
is very soluble in ether, chloroform, and benzene, yielding neutral 
solutions. 

Acetanilide is a weak base. The is obtained bypassing 
hydrochloric acid gas through a solution of acetanilide in acetone. 
It forms needles which arc decomposed into their constituents by water, 
and gradually converted into acetic acid and aniline hydrochloride on 
exposure to moist air. 

Acetanilide dissolves in strong sulphuric acid without change of 
colour. On treating the solution with nitric acid, the acetanilide 
is converted chielly into />(2rd-nitroacetanilide, some of the ortho- 
compound and, in presence of a large excess of sulphuric acid, a 
little of the ;;/c/a-compound being also formed. Nitrous acid, passed 
into its acetic acid solution, converts acetanilide into an unstable nitros- 
amine, CJl5.N(Cg}l30)(N0). When heated with zinc chloride to 
about 250°, acetanilide yields Jlavaniline, C,olii4N2,HCl (Vol. 5). 
Treated in alcoholic solution with sodium ethylate, acetani- 
lide yields a sodium derivative, CjHg.NNaCjHgO, but when this is 
boiled with water it splits into aniline and sodium acetate. Acetanilide 
behaves like aniline on treatment with alkali hydroxide and chloroform 
(page 56), and the formation of the disagreeably smelling isonitrile is 
a delicate reaction for its presence. 

Acetanilide behaves like aniline when treated with phenol and 
a solution of bleaching powder (page 57). 

When treated with a solution of potassium chlorate in strong 
sulphuric acid, acetanilide gives a red colouration, changed to yellow 
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on dilution. With a crystal of a nitrite and a drop of concentrated 
hydrochloric acid it produces a yellow colour, changing on heating to 
green and blue; and, on evaporating the liquid to dryness, an orange 
residue is obtained, changed to red on adding ammonia (Vitali). 

When acetanilide is heated gently with mercurous nitrate, a sub- 
stance is produced which dissolves in alcohol with green colour ( Yvon). 
If a few centigrams of acetanilide be gently heated with 2 or 3 drops of 
a solution of mercurous nitrate, and when solution has been effected 
2 or 3 drops of sulphuric acid added, a blood-red colouration will be 
produced (Celia and Arzeno). The same reaction is produced by 
phenol, resorcinol, thymol, and salicylic, gallic, and tannic acids, but 
not by benzoic acid. 

Acetanilide gives no colour-reactions with ferric chloride, nitrites 
in very dilute solutions, or potassium dichromate in aqueous solution. 
These reactions distinguish it from antipyrine and kairine. 

Various other colour-reactions of acetanilide have been described. 
The tests given in the United States Pharmacopccia are included in 
those given herewith. As a rule, the most satisfactory method for its 
positive identification is to heat the substance with alcoholic potassium 
hydroxide, dilute with water, and shake with ether. The ethereal 
layer is examined for aniline, while the aqueous liquid is tested for an 
acetate. 

To detect acetanilide in urine, Vulpius boils the liquid with hydro- 
chloric acid, cools, extracts with ether, and tests the ethereal solution 
with phenol and bleaching pow'der solution. 

E. Ritsert {Pharm. Zeit., 1890, 35, 306) gives the following tests for 
the purity of commercial acetanilide: The sample should leave no 
ash on ignition, and after drying for 2 hours at 105°, should melt at 
114°. A higher or lower m. p. indicates the presence of aceto-toluidcs. 
o.i grm. dissolves in i c.c, of strong hydrochloric acid to a clear solution, 
which, after a few minutes, precipitates acetanilide hydrochloride 
(methyl-acetanilide does not yield a similar reaction). No change 
should be produced on adding a drop of nitric acid, which, after a time, 
produces a yellow or brown colouration if phenacetin or methacctin 
be present. If o.i grm. be boiled in portions in 2 c.c. of strong hydro- 
chloric acid, the solution cooled, and a drop or two of chlorine water 
added, a fine blue colouration is produced. The aqueous solution of 
acetanilide should be free from acid reaction (indicating acetic acid). 
On boiling it and adding ferric chloride, a deep reddish-brown colour 
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should be produced, destroyed by a mineral acid. If a drop of dilute 
solution of potassium permanganate (1:1000) be added to a boiling 
aqueous solution of i grm. of acetanilide in 30 c.c. of water, the pink 
colouration at first produced should persist at least 5 minutes, and 
should not change to yellow on again boiling. Precipitation at this 
stage indicates the presence of free aniline, resinous products, aceto- 
toluides, or other impurities. 

In the additions (1890) to the British PJiarmacopcsia, acetanilide is 
described as melting at 112.8°, and dissolving in sulphuric acid with- 
out colouration. The solution in 18 parts of boiling water should be 
clear, neutral, and odourless; and after cooling should not be coloured 
on adding ferric chloride. This is directly opposed to the experience 
of Ritsert above quoted. In the German Pharmacopceia the direction 
is to add ferric chloride to a cold saturated solution, thus avoiding the 
dissociation and formation of acetic acid liable to occur on boiling. 
According to the German Pharmacopa'iay on heating with alkali 
hydroxide solution, acetanilide gives off an aromatic vapour, which, 
after addition of a drop of chloroform and renewed application of 
heat, is clianged to the disagreeable smell of the isonitrile. Further, 
o.i grm. of acetanilide should yield a clear solution when boiled with 
I c.c. of hydrochloric acid for i minute; and, after adding to the 
liquid 2 c.c. of carbolic acid, a cloudy red colouration should be pro- 
duced by solution of bleacliing powder, changed to a permanent indigo 
blue (indophenol) on adding excess of ammonia. 

Acetanilide has powerful antipyretic properties, and has received 
an extensive application in medicine under tlie name of “antifebrin,”^ 
though dangerous symptoms are sometimes produced by it [Pharm. 
Jmir., [iii], 20, 1059). The dose is from 3 to 10 grains. 

According to Salzer, commercial antifebrin is liable to certain 
unchanged aniline, which may be detected by dissolving the sample 
n cold hydrochloric acid, and pouring on the liquid a solution of bleach- 


‘ When administered to rabbits, acetanilide is oxidised to para-aminophenol, CcHdOH).- 
NIL, with complete elimination ot the acetyl-group. In dogs there is a small formation of 
para-aminophenol, but the chief change consists in a simultaneous oxidation of the aniline- 
residue to ortho-aminophenol, of the acctyl-grou^^to carboxyl, and in the formation of 

carbonyl-ortho-hydroxyamidophenol, CcHsfOH) 1 I CO, the anhydride of which is ex- 

I O J 

creted in the urine as a sulphate. In both the rabbit and the dog the amtdo-phenols are 
also eliminated as sulphates. In man^ the acetyl-group is not wholly oxidised, the urine 
nf sulphate of aceto-paraminophenol. In all cases there is an oxidation of one 
01 the hydrogen atoms of the benzcnc-nucleus to hydroxyl, while the proportion of ethereal 
is increased, the urine is red from excess of bilirubin, reduces alkaline cupric 
solution, and is strongly levorotatory; the optically active substance probably being the 
aDove-raentioned sulphate (Grossly and Nencki, Monatsh, 1890, ii, 253). 
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ing powder. Pure acetanilide yields a white precipitate, which dis- 
solves on shaking the liquid, but after a time colourless silky needles 
separate. In presence of aniline the well-known violet colouration is 
produced. 

Acetanilide has been used as an adulterant of antipyrine. The m. p. 
of the pure substances are nearly identical, but a mixture of equal 
proportions of the two melts at 45°. 

Of the 3 isomeric aceto-loluides, only the metacompound possesses 
antipyretic properties. 

Diacetanilide, C^HjN: (CHjCO),, is a crystalline substance melt- 
ing at It is purified by crystallising out of benzine. 

Formanilide, phenyl formamid, CeHsiNIIfHCO). Colourless crys- 
tals, m. p. 46°, soluble in water, alcohol and glycerin. This substance 
is prepared by heating aniline and formic acid in a way similar to the 
preparation of acetanilide. It is an antipyretic analgesin and local 
anesthetic. 

Gallanilid,galIanol,CeH^NH.CO.CeH2(OH)3, colourless crystals of 
bitter taste, m. p. 205®. Hot water, alcohol and ether are solvents. 
It is used as an astringent for wounds. 

Para-brom-acetanilide, C8H4Br.NH(CO.CH3), has been intro- 
duced as a remedy under the name of “antisepsin.” It forms small 
pearly prisms, melting at 164.5®, devoid of taste or smell. It is 
soluble with difficulty in cold, but readily in hot water, as also in 
alcohol and ether. 

Acet-methylanilide or methylacetanilide, CeHj.N ( CHg) (CjHgO ) , 
is prepared by warming together methylanilinc and acetyl 
chloride. The product is boiled with water, when the new suj)stance 
crystallises on cooling. Methylacetanilide has been introduced as an 
anti-rheumatic and analgesic under the name of “exalgin.” In doses 
of 0.5 to 4 grains its effects are said to be very satisfactory. Exalgin 
forms fine needles or large white tablets (compare “Acetanilide”). 
It melts at loo-ioi®, boils without decomposition between 240 and 
250°, and is slightly soluble in cold water, but more so in boiling, and 
very soluble in water containing a little alcohol. It is saponified with 
difficulty by alkali hydroxide, but completely by concentrated hydro- 
chloric acid, with formation of acetic acid and methylaniline. 

Acetanilide and methylacetanilide may, according to V. Zotier 
{LWnion Pharm,, 1910, 51, 255), be distinguished by the following 
reactions: About 0.05 grm. is treated with 10 drops of hydrochloric 
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acid and boiled for 2 minutes. The liquid is then cooled, 5 more 
drops of hydrochloric acid are added, then i drop of 1% sodium 
nitrite solution; after allowing reaction to take place for 10 minutes, 

I c.c. of phenol is added and then, gradually, enough strong sulphuric 
acid to give a homogeneous mixture. Of this, 0.5 c.c. is treated with 
sufficient sodium hydroxide solution, sp. gr. 1.332, to give a clear 
solution. In the case of exalgin a blue colour will be obtained and 
with acetanilide a yellow tint. Mixtures will naturally vary from 
yellowish to green. The various details of the test must be rigorously 
observed. 

Ilirschsohn states that methylacetanilidc may be distinguished from 
acetanilide and phenacetin by treating i grm. with 2 c.c. of chloroform, 
which dissolves the exalgin only. A chloroform solution of exalgin 
remains clear on adding 10 volumes of petroleum ether, whereas the 
solutions of antifebrin and phenacetin become turbid. 20% of acetani- 
lide, or 10 of phenacetin, may be detected in exalgin by these reactions. 
An aqueous solution of antifebrin gives a brom-derivative on adding 
bromine-water, thus diflfering from exalgin and phenacetin. ^ 

Benzanilide, CaH5.NH(CO.CeH5), is obtained by the action of 
benzoyl chloride on aniline, or by boiling together equivalent quantities 
of benzoic acid and aniline. It forms a white, crystalline powder, melt- 
ing at 160-161° and volatile without decomposition. It is almost 
insoluble in water, but dissolves in 58 parts of cold, or 7 of boiling, 
alcohol, crystallising on cooling in nacreous plates. It is difficultly 
soluble in ether. Benzanilide is not attacked by aqueous alkalies or 
acids, but is saponified by fusion with potassium hydroxide. It has 
been found valuable as an antipyretic for children, in doses of 2 to 8 
grains, and is said not to produce objectionable secondary effects. 

Phenyl-urethane, C^jHg.NHCCO.OCjHg). — This compound has 
recently acquired a practical interest owing to its introduction as a 
synthetic remedy under the name of “euphorin.” It is produced by 
the reaction of aniline on ethyl -chlorocarbonate, and occurs as a white 
crystalline powder, of a faintly aromatic odour and scarcely perceptible 
taste, which subsequently becomes acrid and dove-like. It melts at 
49 to 51°, boils at 237°, and is only slightly soluble in cold water, but 
very freely soluble in alcohol, and sufficiently soluble in sherry and 

_ ^ Exalgin may also be distinguished from antifebrin, methacetin, and phenacetin by treat- 
‘a® 8'* I c.c. of concentrated hydrochloric acid. Phenacetin remains insoluble. 

Antifebrin dissolves, but separates again in crystals of the hydrochloride. Methacetin also 
dissolves, but is recognised by the reddish-brown colouration produced on adding i drop 
of nitric acid. 
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Other alcoholic liquids to be conveniently given in solution in such 
menstra. According to' Sansoni, after administration of phenyl- 
urethane, the urine shows the para-aminophenol reaction either direcilv 
or after distillation with potassium carbonate. The proportion of 
urea is increased, but the urine is free from phenol, aniline, albumin 
and sugar. 

Substituted or Alkylated Anilines. 

These bases result from the replacement of one or both of the 
hydrogen atoms of the amino-group of aniline by alkyl or similar 
radicals. 

The bases of this class are obtained by heating tlie hydrochloride 
or other salt of aniline (or its homologues) widt the alcohol with which 
it is intended to react, or the halogen salt of this alcohol with free 
aniline. 

The only substituted anilines which require special description are 
the following: 


Fornmlu Sp. yr. 


B. p. 


Methyl-aniline 

Dimethyl-aniline • • • • 

Ethyl-aniline 

Diethyl-aniline 

Phenyl aniline (Diphenylaniine) . . ^ 
Diphenyl-aniline (Triphenylaminc). 


C5H.,.NH(CH3) 

C,H:,.N(Cnj)7 

CsHr,.NII(C2H..,) 

CcHs.N(C:H)i 

Cr,Hr,.NH(C,IT,) 


0.976 at 15° 
0.9SS3 fit rs° 
0.954 fit j 8 ° 

0.9U at 1 3° 
1 . 161 


192 

192 

204 

213.5 

302 


Diphcnylamine is a very weak base, and in triphenylamine the basic 
character is entirely lost. 

Methyl-aniline. QH^.NHCCTIa). 

1 his base is obtained by the action of iodide, nitrate, or chloride of 
methyl on aniline, or by heating methyl alcohol with aniline hydro- 
chloride. 1 In all cases dimethyl-aniline is formed simultaneously, and 
hence in the production of mono-methyl-anilinc a portion of the aniline 
remains, in practice, unattacked. ^ 


anilS'e"'' CM^NNu(C^lUj) reaction of methyl iodide on sodittm acet- 

hydroxide. ' ^ ^ saponification of the resultant compound hy alkali 

dilutc.sulphuno ad,i is added 

from the solid aniline sulphate by prcssureln a'^Hnen Hoth solution is separated 

with sodium hydroxide. The s^bJtaS ^ expressed liquid treated 

chloride until no further risfof tem^rat^i il h with acetyl 
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Methylaniline is a liquid boiling at 192°. It resembles aniline, but 
is lighter than water, and its odour is stronger and more aromatic. 
The sulphate is soluble in ether and uncrystallisable. A solution of 
bleaching powder first colours it violet and then brown. The con- 
version of methylaniline into toluidine is referred to on page 52. 

Methylaniline-nitrosamine, CJI^.N(CHJ (NO), separatesasa 
yellow oil on treatinf' a cold solution of methylaniline hydrochloride 
with sodium nitrite, while any aniline and dimcthylaniline are con- 
verted into soluble products. I( the nitrosamine be extracted by ether, 
and treated wi tli tin and hydrochloric acid, it is reduced to methyl- 
aniline, which may thus be obtained in a pure state. The nitro- 
samine is destitute of basic properties. It has an aromatic odour, 
and may be distilled in a current of steaA, but not alone. \Vlien 
mcthylanilinc-nitrosamine is warmed with phenol and sulphuric acid, 
tiie mLxture diluted widi water and saturated with alkali hydro.xide, it 
yields tlic intense green-blue colouration produced by all nitrosamines 
(Licbermann’s reaction). When heated with alcoholic hydrochloric 
add it undergoes molecular transformation into paranitroso-methyl- 
aniline, C<jIl4(NO).NH(CIl3), a substance ciystallising in green-plates 
or steel-blue prisms, and otherwise resembling paranitroso-dimethyl- 
anilinc (page 90). 

Dimethyl-aniline. CeHvNCCHa)^. 

This important base is obtained by the action of e.xcess of methyl 
iodide on aniline. On tlie large scale, methyl iodide was formerly 
employed, but was afterward replaced by the nitrate, and this again 
(owing to its explosive properties) was superseded by tlie very volatile 
methyl chloride. The product obtained in tliis way contained about 
5/v, of monomcthyl-aniline, but no other admixtures. Dimcthyl- 
aniline is now always manufactured by heating together a mixture of 
aniline hydrochloride, aniline, and methyl alcohol.^ The methyl 
alcohol employed must be quite free from ethyl alcohol and acetone, tlie 
latter of which not only reduces the yield, but gives a product unsuitable 


' The aniline must be free from toluidine and impurities insoluble in hydrochloric acid; 
and the methyl alcohol employed must be quite free from ethyl alcohol and acetone, the 
I'lOer of which not only reduces the yield, but Rives a pnxluct unsuitable tor the prci)ara- 
'ioii either of methyl-violet or rntilaeliile Rreen, owing to the formation of a Imsc of the lor- 
ni ila CH'i(CoHeN(,CH.'))j)j. y.i parts of aniline are used, of wliich 18 arc saturated with 
hydrochloric acid and 75 parts of methyl alcohol. The excess of methyl alcohol, and 
‘ "iiiparativelv small quantity of hydrochloric acid, tend to produce a purer oil. With 
more hydrochloric aclA the reaction takes place at a lower temperature, but there is a dan- 
Kcr of forming toluidine. The niixtnre is heated at first to a temperature of 270°, at a 
pressure not exceeding 27 atmositheres. When the reaction is complete, in al)out i s hours, 
die pressure decreases without the temperature being reduced (Schoop, Clicm. Zeit., 1S87, 
1U^53). 
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for the preparation either of Methyl-violet or Malachitegreen, owing 
to the formation of a base of the formula: CH2(C8H4.N( 0113)2)2. 

Dimethyianiline is a colourless oily liquid, solidifying at 0.5° and 
boiling at 192°. It has a sharp basic odour, and forms uncrystallisable 
salts. It unites with methyl iodide, with energy at the ordinary tem- 
perature, to form the iodide of trimethyl-phenylammonium, which 
breaks up again into its constituents on distillation, but by reaction 
with argentic oxide yields trimethyl-phenylammonium hydroxide, 
MegPhN.OH, a crystalline, very deliquescent, corrosive, and very 
bitter base. 

With bleaching-powder solution, dimethyianiline merely gives a pale 
yellow colouration, a reaction by which any contamination by aniline 
or mono-methylaniline call be detected, as these bases give a violet 
colour with the same reagent (page 57). Mild oxidising agents, such 
as chloranile, carbon o.xychloride, and cupric chloride, convert tlie 
methylaniline into Methyl-violet (Vol. 5). With acid chlorides 
and aldehydes, it yields complex compounds. Thus witli benzal- 
dehyde it gives tetra-methyl-paradiamino-triphenylmethane, and 
the corresponding hydroxide or carbinol, CeH5,[N(CH3)2]2.0H, 
obtained from this by oxidation, is the base of Malachite or Benz- 
aldehyde Green (Vol. 5). By reaction with diazobenzene chloir 
ide, dimethyianiline is converted into dimethyl-amino-azobcnzene, 
CeH5.N2.CoIl4.N(CH3)2, or Butter Yellow; while with diazobenzene- 
sulphonic acid it yields Helianthin or Methyl-orange (Vol. 4). 

Paranitroso-dimethylaniline, CeH4(NO).N(CH3)2, is produced 
by the action of nitrite of sodium or nitrite of amyl on dimethyianiline. ^ 
It is manufactured on a large scale for the production of Methyl- 
ene-blue, Indophenol, and Toluylene-red (Vol. 5). It crystallises 
in large green plates or tables, soluble in ether. By oxidation 
with potassium permanganate or ferricyanide, it is converted into 
/>-nitro-dimethylaniline, CflH4(N02).N(CH3)2, which forms long, 
sulphur-yellow needles, melting at 162-163° When boiled with 
alkali hydroxide, nitroso-di methylaniline is completely split up into 
dimethylamine, H,N(CH3)2 (which may, by this reaction, readily be 
obtained pure), and nitrosophenol or quinonoxime, CeH40(N0H) 
(Vol. 5 ). 

' Ten parts of dimethyl-aniline are dissolved in 50 of strong hydrochloric acid and aoo of 
water, and to the cold solution is gradually added a solution of 5.7 parts of sodium nitrite 
in aoo of water, when the hydrochbride of the nitroso-compound is obtained as a substance 
crystallising in yellow needles, from which the free base is obtained by treatment with 
topassium carbonate and solution in ether. 
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Commercial dimethylaniline usually contains more or less aniline 
and methylaniline. By the entrance of methyl into the benzene- 
nucleus, more or less dimethyl-toluidine, C8H4(CH3).N(CH3)2, and 
higher homologues are usually present in addition. Hence the di- 
methylaniline of commerce usually boils between 198° and 205°. 
The smaller tlie range in the b. p. the better the sample. 

0 . de Coninck {Comptes Rend., 1900, 13 1, 945-946) gives a sum- 
mary of the reactions of substituted anilines. 

The following reactions are given by alcoholic solutions of the bases 
with solutions of salts of copper, nickel, and cobalt: 



McthyLmiline 

Dimethylaniline 

Ethylaniline 

Diethylaniline 

Dilute copper 
chloride. 

Bluish opales- 
cence, darkening 
gradually. In 
time, slight blu- 
ish-white pre- 
cipitate. Fleet- 
ing white lluor- 
cscence. 

Bluish opales- 
cence in time, 
slight green pre- 
cipitate. 

Bluish opales- 
ence; bluish- 

white fluores- 
ence, In time, 
slight green pre- 
cipitate. 

Blu ish-w h i t e 
opa 1 e s c e n c e 
then slight 
green precipi- 
tate. 

Concentrated 
C()|iper chlo- 

Turbidity, then 
greenish nrecin- 
itate, Bluish- 
white fluorc,s- 
encc. Gradual 
cliange through 
grey, violet- 

grey, dark vio- 
let to (after la 
days) carmine. 

Bright green pre- 
cipitate. The 

liquid gradually 
! becomes turbid, j 

Abundant green- 
, ish-white pre- 
cipitate. 

Abundant green 
precipitate. 


Dilute copper 
sulphate. 

No opalescence 
or fluorescence, 
Bluish-w Kite 
procipiuto. 

Thick, flocculent, 
bluish w h i t e 
precipitate. 

; Abundant bluish- Bluish opales- 
1 white procipi- ccnce. Then 

tate; flocculent. slight blue pre- 
1 i cipitate. 

Concentrated j 
cn{)pcr sul- 
phate. 

Immediate green j 
colouration. 

Then abundant 
green precipi- 
tate. 1 

Immediate pre- 
cipitate abun- 
dant, bright 
blue. 

! Immediate green- 
ish-white preci- 1 
pitate. Liquid 
slowly turns j 

greenish-yellow. 

Bright blue pre- 
cipitate fairly 
abundant. 

Dilute copper 
acetate. 

Colouration: rose, j 
dark rose, am- 
ber, dark brown.! 
Then dark 
brown precipi- 
tate. 1 

Bluish tint turn- 
ing to lilac. 

Brown coloura- 
tion after a time. 

Bluish opales- 
cence. Then 

slight bluish 
precipitate. 

Concentrated 
copper acetate. 

■ 1 

Immediate em- 
erald-green col- 1 
ouration, rapid- j 
ly darkening to 
black. Then 

slight black pre- 
cipitate. 

Turbidity. Then 
green precipi- 
tate. which dis- 
; solves in strong 
alcohol to a 
bright blue liq- 
uid. becoming 
bright green, 
afterward dark 
green. 

Emerald -R r e e n 1 
colou ration. 
Then bright 

green precipi- 
tate. soluble in 
strong alcohol. 
The solution af- 
ter 4 hrs. turns 
dark ^reen, and 
deposits the 
same precipi- 
tate. 

Turbidity. After- 
ward slight 

green precipi- 
tate. 
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Dilute cobalt | 
chloride. j 

! 

Methylaniline j Dimethylaniline 

No colouration. 

In time prccipi- | 
tatc of cobalt . 
hydroxide. 1 

j Ethylaniline 

j Diethylaniline 

Concentrated 
cobalt chlo- 
ride. 

V i 0 1 e t-carminc 
colouration. Af- 
ter 4J hrs., tur- 
bidity and deep- 
ening of the 
tint. 


1 


Dilute nickel 
chloride. 

Gradual turbid- 
ity but no pre- 
cipitate even af- 
ter a long time. 


i 


Concentrated 
nickel chloride. 

After 6 hrs. ex- 
tremely slight 
green precipi- 
tate. Afterward 
colour changes 
to dirty green, 
then to very 
dark brown. 


1 



The presence of aniline and methyl-aniline is indicated by the rise 
of temperature produced on treating 5 c.c. of the dry oil with an equal 
measure of acetic anhydride. This is stated to be 0.815° for each unit 
per cent, of methylamine present. For small percentages this appears 
to be fairly correct, but with a product actually containing 30%, an 
e.xcess of over 7% is said to be indicated. A serious objection to the 
method is that it wholly fails in presence of aniline. But the presence 
of imiline can be recognized by mixing a few drops of the oil with a 
few drops of ether, and adding i drop of cone, sulphuric acid, when, 
if aniline be present, its sulphate will separate as a white precipitate. 

A more plausible method is that of Nulting and Boasson (Bcr., 10, 
795), based on the different behaviour of the bases with nitrous acid,’ 
but the results yielded in practice have been found unreliable by 
Reverdin and dc la Harpe. These chemists recommend {Chem, ZcU.^ 
1889, 13, 387, 407) for the estimation of the aniline and methyl-aniline 


1 When aniline hydrochloride is treated in cold solution with sodium nitrite, it yields 
diazobenzene chloride, while dimethylaniline is converted into the hydrochloride of its 
nitroso-derivative. Both these substances are freely soluble in water, while methyl- 
aniline is converted by the same treatment into the non-basic mcthylaniline-nitros- 
amine, which can be extracted by agitating the liquid with ether. If this reaction occurred 
in its simplicity, the monomethyl-aniline could be estimated from the weight of the nitros- 
amine left on evaporating the ethereal solution. But when this is distilled in a current of 
steam, in which the nitrosamine is volatile, a considerable quantity of nitrophenyl-methyl- 
nitrosamine, Cf,ILfNOj).N(NO)(CH»), remains as a residue. This substance is clearly 
produced hy the oxidation of the nitrosamine, and direct experiment shows that pure 
methyl-aniline, on treatment with excess of nitrous acid, is converted into it, to the exclu- 
sion of the simple nitrosamine. As the molecular weights of the two bodies are materially 
different (t8i the indefinite character of the reaction prevents the accurate estimation 
of the methylamine (Reverdin and de la Harpe, Chetn. Znt., 1889, 13, 387, 407). 



SUBSTITUTED OR ALKYL.VTED ANILINES. 


93 


conjointly, acctylLsation of the bases, and estimation of the excess of 
acetic anhydride by titration with alkali; and for the estimation of the 
aniline, diazotising and treating the product with beta-naphthol 
disulphonic acid. 

Mcthylaniline and dimethylaniline may be distinguished in mix- 
tures with Recognition of- in the presence each other according to 
H. Emde {Arch. Pharm., 1909, 247, 77-79). 

The platinum salts can be used to distinguish between mcthylaniline 
and dimethylaniline in the presence of each other. Methylaniline 
platinic chloride, (BHCL)2PtCL„ forms short orange-coloured 
crystals, which decompose at 199° and can be crytalliscd from hot 
water containing hydrochloric acid. Dimethylanilme platinic chloride, 
(BHCL)2PtCL4, is produced by dissolving the base in strong hydro- 
chloric acid and adding the solution to 10% platinum chloride solution. 
The orange-yellow precipitate is fdtered off in the cold and recrystal- 
lised from alcohol containing hydrogen cliloride. It then forms 
orange-red needles, decomposing at 173°. If a mixture of the 
bases is suspected, a small portion dissolved in acid is added to a 
platinum chloride solution, and the platinum double salts separated 
l)y crystallising from alcohol. If methylaniline only is to be 
looked for, the mixture can be crystallised from water. The 
presence of 5% of methylaniline in dimethylaniline can be recog- 
nized in this way. 

At ordinary temperatures acetic anhydride has no action on di- 
mcthylaniline, but on prolonged heating tetramcthyl-diamino-phenyl- 
methane is formed in considerable quantity, if the reagent be in 
excess. Methylaniline is converted into methyl-acetanilide, C^H^.N- 
(CH3)(C2H30), and aniline in tlie cold yields acetanilide, CgHg.- 
NlICjHgO, but on heating more or less diacetanilide, CeHg.NTCoHgO),, 
IS produced. To avoid the formation of these secondary products 
the following method of working is recommended: From i to 2 grm. 
weight of the sample is mixed as rapidly as possible witli an accurately 
known quantity (about twice its weight) of acetic anhydride, in a 
small flask fitted with a reflux condenser. After standing for half an 
hour at the ordinary temperature, 50 c.c. of water should be added, 
and the flask heated on the water-bath for 50 minutes to effect the 
conversion of the excess of acetic anhydride into acetic acid. The 
iquid is then cooled, diluted to a known volume, and an aliquod part 
titrated with standard caustic alkali, using phenolphthalein as an 
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indicator.^ By this means the excess of acetic anhydride, is 

ascertained, and the difference between the amount so found and that 
employed is the weight which has reacted with the aniline and methyl- 
aniline contained in the sample. 51 parts of acetic anhydride consumed 
in the reaction correspond to 107 of base in terms of methyl-aniline^ 
and the percentage of base thus found (a) is calculated and recorded. 

The aniline itself is determined as follows: From 7 to 8 grm. of 
the sample in dissolved is hydrochloric acid (28 to 30 c.c.), and diluted 
with water to 100 c.c. 10 c.c. of this solution is further diluted with 
water and cooled by ice. The solution is then diazotised by adding 
a solution of sodium nitrite in quantity sufficient to react with the 
whole of the sample if it consisted of aniline solely. A solution of the 
sodium salt of /?-naphthol-disulphonic acid known as“R Salt” (Vol. 5), 
is meanwhile prepared of a strength approximately corresponding 
to 10 grm. of naphthol per litre, and its precipitating power is 
calculated from its known strength, or exactly ascertained by experi- 
ment with pure aniline. 

A measured quantity of this solution is then treated with excess of 
sodium carbonate, and to it the ice-cold solution of the diazotised 
sample is slowly added. Common salt is then added till a precipitate 
ceases to form, when the liquid is filtered, and portions of the filtrate 
are tested with R salt and the diazo-solution respectively, to ascertain 
which of these two is present in excess. Another experiment is then made 
with suitably varied volumes, until after a few trials exact precipitation 
of the colouring matter is attained without sensible excess of cither the 
naphthol or diazo-solution. The reactions which occur arc as follows: 

CeH5.NH,,HCI-f-HN03=C«H5N:N.Cl+2H,0; and C.Hs.Na.CH 
C,oH,(6H)(S03Na)3=HCl+CA.N2.C,oIl4(On)(S03Na),. 
From these formulae, and the volumes of the 2 solutions required 
for exact reaction, the weight of aniline present can be calculated. 
I grm. of R salt will react with 0.267? grm. of aniline. The percentage 
of aniline thus found (6) is multiplied by 1.15 ( = -7//), which gives its 
equivalent in methyl-aniline, and this (c) subtracted from the sum of 
aniline and methyl-aniline in terms of methyl-aniline found by the 
acetylisation process (a) gives the percentage of real methyl-aniline {d) 
present. The dimethyl-aniline is estimated by difference. 

* H. Giraud (Bull. Soc. Chint., 1889, 3, 143) modifies this process by employing the acetic 
anhydride dissolved in 10 times its volume of dimethylaniline. 10 c.c. of this solution is 
added to i grm. of the sample. After standing for i hour in a corked flask, water is added, 
and the liquid (boiled for some time and) titrated with standard barium hydroxide in the 
presence of phenolphthalein. 
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In the case of a sample of known composition, Reverdin and de la 
Harpc obtained the following satisfactory results by the foregoing 
process: 



Present. 

Found. 

Aniline, 

10.42% 

10.30% 

Methylaniline, 

10.97 

II. 16 

Dimethylaniline (by difference). 

78.61 

_ 78-54 


100.00 

100.00 


The presence of methylaniline is more objectionable in dimcthylaniline 
intended for tlie manufacture of green than in that to be used for violet. 
Sclioop {Chem. Zeit., 1887, ii, 254) states that the proportion seldom 
exceeds 2'^^ , and that the best qualities of dimcthylaniline are nearly 
or quite free from it. When present, monomethylaniline can be 
removed by shaking the oil with a small quantity of dilute sulphuric 
acid, or by boiling with acetic acid for 2 hours. 

Diethylaniline. (CjHJj- 

This base is best prepared by heating i molecule of aniline hydro- 
bromide with 10% in excess of one molecule of ethyl alcohol to 145° 
for 8 or 10 hours. Nearly the theoretical yield is obtained. The base 
boils at 213.5°. Diethyl-c?-toluidine and dietliyl-/)-toluidine may be 
obtained by exactly similar means. 

Diphenylamine. Phenylaniline. CgH^.NH.CgHs. 

This base is obtained by heating aniline with the hydrochloride or 
other salt of aniline. 6 parts of aniline and 7 of aniline hydrochloride 
arc heated to 250° under a pressure of 4 or 5 atmospheres for 24 hours. 
The ammonia formed is allowed to escape at intervals to prevent 
reconversion of the diphenylamine into aniline. The product ig 
treated with warm hydrochloric acid and a large quantity of water, 
which dissolves any unchanged aniline hydrochloride, and decomposes 
the hydrochloride of diphenylamine, which latter base separates out 
and is purified by distillation. Diphenylamine crystallises in small 
white plates, having an agreeable flowery odour and burning taste. 
It melts at 54° and boils at 302° (Graebe). It is almost insoluble in 
water, but readily in alcohol, ether, benzene, and aniline. Diphenyl- 
amine has very feeble basic properties. The hydrochloride is a white 
crystalline powder, which turns blue in the air, and is decomposed 
by water. The most characteristic test of diphenylamine is the deep 
blue colour produced by adding a trace of nitric acid to its solution in 
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strong sulphuric acid. The reaction, which is vcr)' delicate, is employed 
as a test for nitric acid. 

Diphenylamine; Reaction of vvitli nitric acid. 

The deep colouration produced by the action of nitric acid on 
diphenylamine sulphate, which lias been looked upon as a character- 
istic reaction for nitric acid, is also, according to I. Bay {Comptes Raid., 
1905, 140, 796-797), observed with other oxidising agents, and also 
by long exposure to the atmosphere. It is pointed out that, in 
general, all aromatic amines give rise to more or less highly coloured 
oxidation products. 

Commercial diphenylamine should be pale yellow, melt not much 
below 54°, be free from unpleasant odour and oily matters, and give 
no violet colouration with bleacliing powder. It is used for making 
Diphenylamine Blue, Aurantia, and Orange IV. 

Diphenylamine in alcoholic solution reacts with bromine to form 
tetrabromodiphenylamine (W. Drcger, Z. ges Schicss- tend Spreng- 
stofn., 1909, 4, 123) (CJI,),NH8Br= (C,H3Br,),Nn4HBr. This 
bromo-derivative is insoluble in water, sparingly soluble in alcohol, 
readily soluble in benzene, xylene, chloroform, and ethylacetate, 
especially on warming; it melts at 102°, and crystallises in reddish 
needles having a silky lustre. For the determination of diphenyl- 
amine in the commercial product, the sample is dissolved in alcohol 
or, if already in ethereal solution, the ether maybe driven off by adding 
alcohol and warming. Excess of bromine is then added, drop by 
drop, with constant stirring. The solution is then mixed with twice 
its volume of water and the whole boiled until the alcohol and excess 
of bromine are driven oil and the bulk is reduced to one-half, constant 
stirring is needful. The precipitate of tctral)romdiphenylaminc is 
transferred to a funnel, or Gooch crucible, connected to a water pump, 
and washed with warm water to remove the last traces of alcohol and 
bromine, and lastly dried at 98-100^^ until of constant weight. 
Smaller (juantities may be estimated by evaporating to dryness in a 
previously weighed glass vessel. If it be desired to estimate the 
diphenylamine contained in gelatinised nitro-cotton, the nitro-com- 
pound is gradually decomposed by means of soda lye in a capacious 
flask. The flask is closed by a doubly perforated stopper fitted with 
a stoppered funnel, and a bent tube attached to a condenser, which 
communicates with a suitable receiver. The free diphenylamine and 
any camphor that may be present are carried into the receiver which 
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contains ether. The distillate is well shaken with common salt; the 
ether completely dissolves tlic diphenylamine and any camphor, and 
the estimation is then completed as before indicated. — J. W. G. 

Mcthyl--diphenylaminc, C„H^.N(CH3)CqII 5, lioils at 282^^, and gives 
various colour-reactions with oxidising agents. In dilute sulphuric 
acid it dissolves to form a liquid of the colour of solution of potassium 
permanganate. 

Warm nitric acid converts diphenylamine and its methyl-derivative 
into C(.ll2(N0^,)3.Nl[.C\H.3(N02)3, hcxanitro-diphenylaminc, the 
ammonium salt of which constitutes the colouring matter known as 
Anranlia (Vol. 5). 

p-Amino-diphenylavtine results from the reduction of phenyl-amino- 
azobcnzenc, nitro-phenylamine, or Tropreolin 00 (Vol. 5). 

Triphenylamine. Diphenylaniline. (C^HJaN. 

This substance is formed by the action of brombenzene on dipotas- 
.dum aniline. It is a neutral substance, melting at 127®, and crystal- 
lising from ether in monoclinic pyramids. It forms no isonitrile, 
picrate, nor acetyl-compound, but yields iodide of triphenyl-methyl- 
ammonium on treatment with methyl iodide. Its solution in glacial 
acetic acid is coloured green on adding a little nitric acid, but with 
sulphuric acid it gives a violet colouration changing to blue. 

Aminophenols. 

By the reduction of the nitrophenols, corresponding amino-com- 
pounds are obtained. These substances may also be prepared by 
heating either of the 3 isomeric amino-hydroxybenzoic acids, 
(XH^lOH.COOH, with barium hydro.xidc. 

In the aminophenols the acid character of the phenols is neutralised 
l>y the presence of the amino-groups, so that they only yield salts witli 
acids; but as phenols they are still capable of yielding alkyl-derivatives 
U- g., anisidine), while the hydrogen of their amino-groups may be 
replaced for acetyl, etc., as in phcnacctin. 

The aminophenols form colourless ciy'stalline scales or plates, which 
are very readily oxidisable on exposure to air, with blackening and 
formation of resinous products, especially if impure. On the other 
hand, their hydrochlorides are relatively stable, and often capable of 
sublimation. The solution of p-minophenol hydrochloride is coloured 
first violet and then green by solution of bleaching powder, quinone 
Vol. VI.— 7 
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chlorimine, CoH^O(NCl), being formed; while with chromic acid 
mixture, and other oxidising agents, it yields quinone, Treat- 

ment with hydrogen sulphide and ferric chloride converts it into com- 
pounds of tlie metJiylene-hlue group (Vol. 5). 

The form}’!- and acetyl-derivatives of tlie aminophenols are con- 
verted with great facility into anhydro-bases. Thus ethenyl-amino- 
phenol, a basic liquid boiling at 200 to 201°, is obtained by boiling 
ortho- aminophenol with acetic anhydride. 

N 

Cai<(OH).NHCJl 30 =C„H / "^C.CIIj+H.O. 

WTen this substance is heated with dilute acids, the reverse action 
occurs, acetyl-o-aminophenol being formed. 

The methyl esters of tlie aminophenols (anisidines or amino-anisols), 
and the corresponding ethyl esters (phenethidins or aminophenatols), 
are bases resembling ajiiline, and are employed for producing certain 
azo-dyes {e. g., Anisol Red, Phenatol Red; Vol. 5). The acetyl- 
derivatives of these esters are used in medicine under the names of 
vietacetln and phcnacelin (see below), the latter being widely used. 

The following table shows the characters of the isomeric amino- 
phenols and their derivatives: 


M. p. I n. p. M. p. : B. p. 


p-i; 4 

M. p, B. p. 


Aminophenol (page 97) 170 

r TT / 


sub- 

limes. 


Acetyl-derivative aoi 

; OH 




NHCCOCHj) 


Methyl-ester fanisidine) . 

nh, 


Ethyl-ester (phcncthidine). 

r II / orc.ii:,) 


Methacetin (page 104) 84 


C,H. 


/ 0 (CH,) 

1 NH(COCIL) 


I 


Phenacetin (page 99),. 


^*1 NH(COCHa) 


184 


1K0-20S i 

(at 100 ' 
rum.) | 


Aminophenacetin. Phenocoll ! ! : . . i ,00 <1 

fO(C,HO I ■ ' ■■■■' , Joo-51 


C5H1 


NIKCO.CHi.NHi) 
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Phenacetins. 


Acet-phenetidines. 




0 (CJL,) 

Niicco.cig 


The substances of tliis formula have ac(juirecl value as antipyretics 
and analgesics. 

The phenacetins arc prepared by ethylating the corresponding mono- 
nitrophcnols, thus obtaining the isomers of the formula CqII^(N 02).- 
On treatment with zinc or iron and hydrochloric acid, these 
are reduced to the corresponding phenethidines, C„H4(NH.,).OCoHr,, 
which arc purified and acetylised by heating with glacial acetic acid 
for some hours, tlic products being recrystallised from water. 

Of the 3 isomeric phenacetins, the w-compound is unimportant. 
It forms tasteless and odourless scales, melting at 96°. 

rara-acetphenetidin is the oflicial variety in the German, British, 
and United States Pharmacopadas. It forms white, odourless, tasteless, 
glistening .scaly crystals. It requires 1400 parts of cold, or 70 parts of 
boiling, water for solution, and is soluble to a notable extent in chlo- 
roform. Its .solution in 16 parts of alcohol is precipitated by the 
smallest addition of water. The cr}'stals melt at 13 5^^. 

Ortho-acetphenetidin forms brilliant white, very light spangles, 
witliout taste or odour, and melting at 70°. It is very slightly soluble 
in cold, but more readily in hot, water, separating again on cooling. 
It dissolves in about 3 parts of rectified spirit, and abundantly in 
chloroform. 

Besides tlie dilTcrcnccs in their m. p. and solubilities, p- and 
e phenacetiii are distinguished by their behaviour when boiled for 
several hours with dilute sulphuric acid (sp.gr. 1.26). When thus 
treated, the para-compound yields acetic acid and sparingly soluble 
sulphate of phenetidin. Orthophenacetin, on the other hand, is 
not decomposed by the same treatment, requiring the action of acid 

^'575 sp. gr. for 2 hours at 90° to effect its hydrolysis.^ If in either 
case the acid liquid be diazotised, and then treated with an ammoniacal 
solution of naphtliol-disulphonic acid, a fine red-yellow colour will be 
obtained if />-phcnacetin was employed, while with the a-compound 
n cherry-red colouration is produced. In either case the colouring 
inatter may be precipitated by brine. 


V detects o-phcnacetin by boiling 15 grm. of the sample with 25 grm, of dilute 

•'yarcx:hloric acid, when o-phenctidin hydrochloride is formed, from which the free base 
I nay be .separated by soaium hydroxide, and its b. p. (given by Lvittke as 342.5“) 
^‘‘tertnined. The hydrochloride gives a blood-rcd colouration with ferric chloride. 
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This formation of an azo-coloiirin^i^ matter may he employofl tc 
detect the phenacetins in urine anil other organic liiiuids. The iiriin' 
is evaporated to dryness, and the residue treated with hot alcohol. 
'Jhe solution is tillered, evaporated, and the residue hoiled for a 
hours with dilute sulphuric acid (sp. i^r. 1.26) under a re/lux condenser. 
The resultant solution is cooled to 5 or 6^, treated with a solution 
of sodium nitrite for 5 minutes, and Uieii poured into a solution of 
naphtiiol-disulphonic acid in excess of ammonia, taking care that die 
mixture remains alkaline. If eidicr moditication of phenacetin he 
present in the urine a characteristic colouralioh will he produced, from 
the intensity of which the amount of phenacetin may he estimated. 

For medicinal use, phenacetin is said to presuit considerable 
advantages over antipyrine,and especially over antifebrin (acetanilide ), 
for while the latter body is decomposed in die system widi formation of 
aniline, which has marked toxic properties, phenacetin yields phene- 
tidin, C„1{,(0C2HJ.\H2, and amidophenol, C I.XIU, which 
are said to he harmless. Paraphcnacctin, in doses ranging from 
8 to 20 grains for adults, and from 2 to 3 grains for children, is said to 
he a valuable antipyretic and anti-neuralgic, without producing nausea, 
vomiting, cyanosis, or disagreeable after-effects. Being nearly 
insoluble, it is best given in the form of powders. The dose of D-phe- 
nacetin required to produce the same effect is larger than that of the 
/’-compound. 

According to Reuter {Pharm. Zeit., 1891,) phenacetin is liable to 
contain unconverted p-phenetidin, which appears to be poisonous 
in very small doses, if taken for some time, producing nephritis and 
albuminuria. To detect the impurity, Reuter melts 2.5 grm. of chloral 
hydrate at 100° and adds 0.5 grm. of the sample. On agitation the 
phenacetin dissolves, and, if pure, the solution will remain colourless 
when heated on the water-bath for 5 minutes, though after longer 
heating it will a.ssume a rose tint. In pre.scnce of para-phenetidin, 
an intense colouration, ranging from red-violet to blue-violet, is pro- 
duced in 2 or 3 minutes at most. , 

S. Liittke detects diaminophenoh or diaminophenatols in phenacetin 
by grinding 0.5 grm. of bleaching powder to a fine paste with hydro- 
chloric acid, and adding about 0.03 of the sample, when a red colour 
will be produced. 

G. M. Beringcr {Avier. Pharm. Assoc., 1903; Chem. and Druggist, 
1903; 63, 377) suggests the following test, o.i grm. of the phenacetin 
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is boiled with 3 c.c. of a 50% solution of sodium hydroxide for i 
minute, tJien cooled and shaken with 5 c.c. of sodium hypochlorite 
solution. If the sample be pure, a clear yellow liquid is obtained, hut 
if acetanilide he present, a purple-red or brownish-red turbidity or 
precipitate is produced. 

The lo\\'cr price of acetanilide, and its clo.se phy.sical resemblance 
to phenacetin, have .suggested the po.ssibility of the partial or complete 
substitution of the former body for the latter, and a llagrant instance 
of such a j)raclice is actually on record {Pharm. Jour., [iii], 21, 377). 
7 'he presence of of acetanilide lowers the m. p. of the sample 
to 127-T28T 

H. Schwartz {Pharm. Journ., [iii], 18, 1085) recommends that i grm. 
of the suspected sample .should be heated with 2 c.c. of sodium 
hydroxide solution, a fragment of chloral hydrate or a few drops of 
chloroform added, and the mixture again gcmtly heated. With phe- 
nacetin the odour is aromatic and not di.sagreeable, but in presence of 
acetanilide, the penetrating and repulsive smell of phenyl-carbamine, 
is produced. On boiling the sample with sodium hydroxide 
solution, oily drops of aniline separate if acetanilide l)e present in 
considerable quantity. If the c(K)led li(][uid, together with the separated 
globules, be shaken with ether, and the ether separated and evaporated, 
the residue when dissolved in water and treated with a drop of carbolic 
acid, and a clear solution of bleaching powder added, gives a blue-green 
colouration changed to onion-red by hydrochloric acid, and restored 
by ammonia. (See also J . Soc. Chem. Ind., 18S8, 7, 772). 

'I'he following tests for distinguishing acetanide from phenacetin 
have been suggested by hi. Barral (J. Johann. Chim., igo-p 19, 237). 

Phosphomolybdic acid reagent gives a l)right yellow precipitate 
in an a(|ueous solution of acetanilide which is solulde on heating. 
Phenacetin gives a similar precipitate which is insolul>le on heating. 

Mandelin’s reagent (i grm. of ammonium validate in 200 grm. of 
sulphuric acid) gives a red colour, changing rapidly to greenish-brown 
with acetanilide. With jihenacetin the colour is olive-green while 
cold and reddish-brown after being warmed. 

Barral has also suggested the following additional colour tests for 
phenacetin. Sodium persulphate produces a yellow colour when 
warmed with phenacetin, when boiled for some time the colour becomes 
orange. 

Bromine water when heated in contact with a few crystals of phe- 
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nacetin, colours the latter rose, the liquid becomes orange-yellow, and 
a brown precipitate is gradually formed on cooling. 

Million's reagent when heated in contact with phenacetin turns 
yellow and then to a red; nitrous fumes are finally formed. 

For the detection of acetanilide in phenacetin, M. J. Schroder recom- 
mends that 0.5 grm. of the sample should be boiled with 8 c.c, of water, 
and the liquid filtered when cold from the recrystalliscd phenacetin. 
The filtrate is boiled witli a little potassium nitrite and dilute nitric 
acid, a solution of mercurous nitrate containing a little nitrous acid 
added, and the whole again boiled. A red colour will be obtained if 
the proportion of acetanilide in the sample exceeds 

TABLE OF TESTS FOR ACETANILIDE AND PHENACETIN. 


rhenacctiii 

ijs" 


Boils 295'^ 


Solubilities at 25'’ 2.!; pts. alcohol. 

0.4 pts. boiling alcohol, 

j 5 pts. chloroform. 1 

1 179 pts. water. 

1 18 pts. boiling water. | 

; Solution cone. with- 

1 out change of colour. 

12 pts. alcohol. 

3 pts. boiling alcohol. 

925 pts. water. 

70 pts. boiling water. 

63 pts. ether. 

20 pts. chloroform. 

Solution cone. H.’SO« with- 
out change of colour. 

Phenol and bleaching powder Behaves like aniline 

solution. (See page s7-) 

No reaction. 

Iso-nitrile test with alkali hy- Odour of lio-nitrilc at once. . 
droxide and chloroform. 

(Sec page ,s6.) 

(ddour of i,V(j-nitrile only on 

1 standing a few minutes. 

Boiling with a strrmg solu- ; Oily drops (aniline separatc.si 
tion of srjdiurn hydroxide. 

No separation. 

Addition of sodium nitrite Red colour 

No colour. 

and dilute nitric acid boiled, , 

Then mercurous nitrate added Bright yellow ppt. soluble] Bright yellow ppt. insoluble 
and boiled. .on heating. j on heating. 

PhosphorTKdybdic acid to, j 

aqueous solution. I 

Mandolin's reagent in aque- Red colour changing rapidly i 
ous solution. to greenish brown. 

Olive green colour while cold 
and reddish brown after be- 
ing warmed. 


Comparative , Acetanilide 

M. p Hz'* 


If I grm. of a mixture of equal parts of phenacetin with acetanilide 
be shaken with 200 c.c. of water, the whole of the acetanilide goes into 
solution together with 0.130 grm. of phenacetin, while the remainder 
of the phenacetin remains insoluble. If this be separated, its weight, 
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when corrected by an addition of 0.130, will represent the phenacelin 
present in i grm. of the sample {Pharm. Jour., [Ill], 21, 377). 

Phcnacetin is distinguished from exalgin and antifebrin by boiling 
o.i grm. for a minute with i c.c. of hydrochloric acid, adding 10 c.c. of 
water, filtering, and adding to the filtrate 3 drops of a 3% solution of 
chromic acid, when a ruby-red colour will be gradually developed. 
(See PAarm. Jour.j [III], 21, 978.) Strong sulphuric acid should dis- 
solve phenacetin without becoming coloured, while a saturated solu- 
tion, if free from phenol and acetanilide, will not become turbid on 
adding bromine-w^ater. 

No reliable metliod has been so far singly known for the estima- 
tion of acetanilide and phcnacetin in complex mixtures. The 
following method of J. L. Turner and C. E. Vanderklecd {Amer. 
Jour, of Pharm., 1907, 79, p. 521), however, is said to give good results. 
It is based on the saponification of acetanilide by an alkali, distillation 
of acetic acid from the resulting acetate by means of a phosphoric acid 
solution, and titration of the distillate. It is carried out as follows: 
I grm. of acetanilide is saponified by heating to boiling under a reflux 
condenser, for i 1/2 to 2 hours, with 3 grm. of sodium hydroxide, .020 
grm. of alcohol and .010 grm. of water. The solution is transferred 
to an evaporating dish, and the alcohol driven off on the water-batli. 
The residue is transferred to a separator and shaken out once with 
ether in order to remove the aniline separated from the acetanilide. 
The ethereal solution is shaken out twice with water to remove traces 
of sodium acetate, which is somewhat soluble in ether, and the wash- 
ings added to the orginal aqueous residue. The aqueous solution 
is then transferred to a flask of i litre capacity, acidified with 0.025 
grin, of 85% phosphoric acid, anti llie acetic acid completely distilled 
off with steam, this being shown when no further reaction is given with 
litmus. The distillate is then titrated wdth N/i sodium hydroxide, 
with the addition of 0.001 grm. of 1% solution of phenolphthalein. 
0.001 grm. of N/i sodium hydroxide= 0.13409 grm. of acetanilide. 
Phcnacetin, being closely allied to acetanilide, is estimated in exactly 
the same way, i mgrm. of N/i sodium hydroxide being equivalent to 
°-^7779 grni. of phenacetin. The two substances, however, cannot 
be estimated when present in the same preparation. Acetates, nitrates, 
and nitrites interfere with the method. These salts are removed by 
means of chloroform extraction; but when they are present in the 
phosphoric acid, or in the alkali used for saponification, they must 
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first be removed. Chlorides do not interfere, })Ut if carbonate J)c 
present in the alkali used for saponification, the carbon dioxide formed 
on the addition of phosphoric acid would be distilled over with the 
acetic acid and vitiate the result of fJic titration; it is therefore advisable 
to heat the acidifed solution to boiling under a refux condenser before 
distillation, in order to drive off the carbon dioxide. 

Methyl-phenacetin, C«H,(0.C,H,).N(CII,)(C,Il30). This sub- 
stance is prepared by treating />-phenacetin in xylene solution with 
sodium, and causing the resultant sodium-derivative to react with 
meth)l iodide {Fliarm. Jour., [Ill], 2i, 8i). The new product distils 
at about 300° as an oil, which crystallises on standing. It may be 
purified by recrystallisation from alcohol or ether, when it forms colour- 
less crystals, moderately soluble in water, and having marked narcotic 
as well as antipyretic characters. 

Amino-p-phenacetin, Coll, (O.C.H,).NH(CO.CH,. NIT). —The 
hydrochloride of this base is readily .solulile in water and alcohol, and 
has been introduced, under the name of phenocollum hydrochlorinimF 
as an antipyretic and antirheumatic. Prolonged boiling vvitlr alkalies 
splits it into /(-phenetliidine and glycocine. 

Para-phenetol carbamine, Dulcin, CO(NH2)NII.CoH,OC2ll,. 
Colourless crystals, m. p. 173° Sparingly soluble in cold water, 
much more so in hot water, alcohol and ether. I'his substance is 200 
timers as sweet as sugar. 

Formyl-p-phenetidin, C,n,(O.C,H.).XII(CO.H), though hav- 
ing a constitution similar to acet-phenetidin, appears to have no 
antipyretic properties, but has been suggested as an antidote in cases 
of poisoning by strychnine. 

Para-dietho.xyethenyldiphenylamidin, CH3C: (N.C„tl,OC2l^5)NII.- 

^ It is a white crystalline powder, insoluble in water, 

m. p. 121°. The hydrochloride, m. p. 189° is more used as a local 
anesthetic. 

Methacetin is the commercial name of /^-acet-anisidine, C(,H,- 
(0.CK3).NH.C2H30. It is, consequently, the lower homologue 
of phenacetin. It forms a crystalline powder or small lustrous 
scales or plates, odourless, but of a faintly bitter taste. It melts 
at 127°, and at a higher temperature boils and distils unchanged. 

It dissolves in 526 parts of cold, or 12 of boiling, water, and is easily 
soluble in alcohol, acetone, chloroform, and dilute acid and alkaline 
liquids. It is less soluble in benzene, and only with difficulty in ether, 
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carbon disulphide, petroleum spirit, and oil of turpentine, but dissolves 
freely, on warming, in glycerin and fixed oils. In its general reactions 
and physiological effects, metacetiii closely resembles phenacetin, 
though according to some authorities it has a less powerful, and 
according to others a more powerful, action. Its efficacy in cases 
of neuralgia and rheumatism is said to greatly exceed phenacetin, 
from which it may lie distinguished by its physical characters, or by 
healing it with a quantity of water insufficient for its solution. When 
thus treated, methacetin melts and solidifies again on cooling, whereas 
phenacetin undergoes no apparent change, i c.c. of hydrochloric acid 
dissolves o.i grm. of methacetin very easily, whereas tlie same quantity 
of phenacetin is mainly undissolved. 

Diaminophenols. CoH.,(OH){NH.,)2. 

These substances arc weak bases, forming salts which crystallise 
well and give aqueous solutions which turn brown in the air; and are 
coloured an intense violet or dark red by potassium dichromate, ferric 
chloride, or bleaching powder. 

Triaminophenol. CeH2(On)(NH J3. 

This sulistancc is an unstable base resulting, from the complete 
reduction of picric acid, (',.11.. (01 1 ) (NO, in acid solutions. If 
alkaline reducing agents be employed, the action does not proceed 
beyond the formation of dinilro-amino phenol or picramic acid, 

( ,iil;;(OII)(NTIo)(N().d, (see \'ol. 5 ). A dilute solution of triamino- 
phenol is coloured deep blue by ferric chloride. 

Phenylene-diamines. Diaminobenzenes. 


'fhree modifications of phenylene-diamine or diaminolienzene, 
( i;lI,(NTL,)o, are known, differing from each other in properties 
according to the positiojisof the amino-groups, thus: 



j Ortho compound Meta-compound 

I ; j 1 1:3 

Para -compound 

1:4 

Aiipcaranco 

Tatilets or i)lale.s Crystalline mass 

Tablets or small plates 

M p 

lov 10 ’ ■ ( 

~ ■ ■ — 


lOJ IO.\ , 

140 

li e 


^ 0 



JO , 

t h.ira(.:t(Ts of hyilro- 
Oiloridc. 

(Iroui)S of radiatinj' Concentrically ar- 

needles; readily ranged crystals, 

soluble. 1 

^ Readily soluble tab- 
lets; very sparingly 
i soluble in hydro- 

; chloric acid. 

in neutral 
with sodi- 
'Jin nitrile. 

Seviaration of amint)- | Yellow or brown col- 
.nzo-phenylcne as a | ouration, or precipi- 
colourless oily liquid.' tate of triamino-azo- ; 
I benzene. 

: N’o reaction. 
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0-Phenylene-diamine is distinguished from its isomeridcs by its 
reaction with sodium nitrite, and by the separation of ruby-red needles 
on adding ferric chloride to the solution of its hydrochloride. On 
treating an alcoholic solution of the base with a drop of phenanthra- 
quinone dissolved in glacial acetic acid, and boiling for a short time, a 
bright yellow precipitate of diphcnylenc-quinoxaline, is 

formed. It consists of small needles which are coloured a deep red 
by strong hydrochloric acid, and its production affords the most 
delicate reaction for ortho-phenylenediaminc. Its isomerides do not 
give the reaction, but its horaologue, t)-toluylenediamine, behaves 
similarly. 

Meta-phenylene-diamine may be prepared by the reduction of 
meta-dinitrobenzene (Vol. 5). It often remains in a state of 
superfusion for some time, but is instantly solidified by adding 
a cr>'stal of tlie solid substance. w-Phenylenc-diaminc is sparingly 
soluble in water, the solution being alkaline in reaction. It is 
readily soluble in ether, and may be extracted by this solvent from 
alkaline aqueous liquids. It is a di-acid base, the hydrochloride being 
C„H ,(NIl2)2)2HCl. The reaction of ;«-phenylene-diamine with sodium 
nitrite is characteristic and extremely delicate. It is due to the forma- 
tion of Bismarck or Phenylene Brown (Vol. 5), and by means of it 
I part per million of nitrous acid can be detected in water. 

w-Phenylenediamine possesses marked poisonous properties, its 
physiological action re.scmblmg that of the leucomaines and ptomaines. 
Dubois and Vignon {Compi. Rend., 107, 533) experimented on dogs, 
and found that a dose of o.i grm. per kilogrm. of the animal pro- 
duced salivation, vomiting, diarrhoea, abundant excretion of urine at 
intervals, and death by coma in 12 to 15 hours. Besides these severer 
symptoms, all those of intense influenza were produced, such as 
acute coryza and sneezing, coughing, and extreme depression. 

p-Phenylene-diamine occurs in aniline tailings. It may be 
prepared by the reduction of />-nitracetanilide. It is but slightly 
solul)le in water, but readily in alcohol and ether. When heated 
with dilute sulphuric acid and manganese dioxide it yields quinone, 
CgH^Oj, which reaction distinguishes it from its isomerides. On 
passing hydrogen sulphide through a solution of the hydrochloride, and 
then adding ferric chloride, Thionine or Lauth’s Violet is formed 
(Vol. 5). 

Para-phenylene -diamine possesses poisonous properties similar to 
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those of meta-phenylene-diamine, but death occurs more rapidly than 
with the latter base. It also exerts a special action on the eye, which 
is gradually forced out of its orbit by the swelling of the conjunctiva or 
intra-orbital cellular tissue; while the lachrymal glands are blackened 
by a deposit of pigment (compare “Toluylenc-diamines”)- 
Dimethyl-p-phenylene -diamine, H2N.CeH^.N(CH3)2, may be 
obtained by tlic reduction of nitrosodimethyl-aniline or of Helanthin 
(Vol. 5). A neutral solution of the hydrochloride is coloured 
a beautiful purple by ferric chloride; and on treating it with 
a hydrochloric acid solution of hydrogen sulphide, and then adding 
ferric chloride till the smell of sulphuretted hydrogen has disappeared, 
a fine blue colouration is obtained, due to the formation of Methylene 
Blue (Vol. 5). This reaction is tlie most delicate test for 
Toluylene-diamines. Diamiotoluenes. €011.5(0113) (NH2)2. 
These bases closely resemble the phenylene-diamincs. The orthO’ 
/>nra-modification (CH|:NH2:NIl2= 1:2:4) is obtained by the reduc- 
tion of ordinary dinitrotoluene. It melts at 88*^, is used for the pro- 
duction of Toluylcne Red and Toluylene Orange. The 1:3:4 {meta- 
para) modification is obtained by nitrating acet-/>-toluide, saponifying, 
and reducing. ‘ Janovsky {J.Soc. Cliem. hid., 9, 383) gives the 
following table of reactions of neutral or slightly acid solutions of the 
two isomeric toluylene-diamines: 


Reagent 

(r-Toluylcne diamine 
CiIj:NIE:NH2- 1:2:4 

5 Toluylcne-diaininc 
CH 3 :NII::NH 2 -i ;3 :4 

Ferric chloride 

No change at first; after stand- 
ing for a long time an orange 
colouration. 

Winc-red colouration. 

Potassium clii;hrom.ite . 

Yellowish-brown colouration . . . 

Reddish-brown precipitate. 

Potassium ferricyanide. 

Olive-green cry.slallinc plates. . . 

Dark-red colouration. 

Bromine water 



Yellowish white precipitate 

Brown flocks and magenta-red 
solution. 

Platinic chloride 

Yellowish-brown colouration. . . 

Reddish-brown precipitate. 

Auric chloride 

1 Drown precipitate 

Red solution with blue reflex and 



metallic mirror in the cold. 

Potassium nitrite 

In very dilute solutions a golden 
brown colouration; in concen- 
, trated a brown precipitate. 

No colouration, but a salmon- 
coloured precipitate. 

Solution of bleaching 
powder. 

i Reddish-brown colouration and 

1 then a light brownish-yellow 
precipitate. 

Dark-red colouration, then an 
olivc-grccn precipitate. 


’This modification appears to be identical with the ft-toluylcnc-diamine isolated by Hell 
and Schoop from aniline tailings (Bcrichte, iSSi, la, 723). 
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The foregoing reactions are available, even in presence of otlur 
substances, for the detection and identification of the toluylene- 
diamines, which often result from the reduction of azonlyes. 

The toluylene-diamines are powerful poisons (compare “m-phenyh 
enediamine,” page 

Benzidine. Di-/)-amino-diphenyl. 

4:1, 4). 

This substance is obtained by the reduction of diparanitro-diphenyl, 
X0.,.C\,H..CaH^X02, by nascent hydrogen (tin and hydrochloric 
acid). A readier method of preparation is the following: An alco- 
holic solution of 10 parts of azobenzenc, is treated 

with a solution of 3.5 parts of tin in concentrated hydrochloric acid, 
and tlic liquid warmed for some lime. Hydrazobenzene, CJL^.XH. 
NII.CoHr,, is formed, which by intramolecular change is converted 
into benzidine (dihydrochloride). Some of the isomeric e-/>-diamino- 
diphenyl is simultaneously formed, and a portion of the azobenzenc is 
reduced to aniline, C,.Il5.XH... The alcohol is distilled off, the residue 
dissolved in water, and sulphuric acid added. The nearly insoluble 
benzidine sulphate is precipitated, while the sulphates of the isomeric 
base and of aniline remain in solution. The precipitate is washed 
with dilute hydrochloric acid (to remove tin salts) and treated with 
ammonia, the liberated benzidine being crystallised from dilute 
alcohol. Benzidine is also produced by treating azobenzene with 
sulphur dioxide. Benzidine is manufactured on a large scale b\ 
heating nitrobenzene with sodium hydroxide, a little alcohol, and th(‘ 
proportion of zinc-dust theoretically sullicient to reduce it to liydrazo 
benzene. The product is washed with cold dilute hydrochloric acid 
to remove oxide of zinc. On subsequently heating it with dilute 
hydrochloric acid, it is converted into benzidine dihydrochloride. 

Benzidine forms large pearly plates, which are colourless when pure, 
but rapidly turn red on exposure to the air. It melts at 122°, and 
l)oils with partial decomposition above 360® Benzidine is very 
sparingly soluble in cold, but readily in boiling, water, and is easily 
soluble in alcohol and ether. 

' Engp] and Kiencr (Cotnpt. Rend., 1887, 105, 465) find the symptoms to vary consideral.il y 
according to the lime reriuired to produce death, which ranges from a few hours in acui*’ 
cases to several weeks in chronic cases. When death ensues in a few days, there is ulw.r, > 

1 Ciena, and often luernoglobinuria, and the urine is loaded with fat and yellow and brown 
pigment-granules, which sometimes contain iron. This ferruginous pigment accumulate'; 
in the spleen and marrow, and seems to be formed from the haemoglobin in the protoplasm 
from the cellules, and not from the red corpuscles. 
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Benzidine is a well-defined di-acid base, forming crystallisable salts. 
The sulphate is very sparingly soluble in water, even when boiling. 

On adding potassium dichromate to a concentrated solution of 
benzidine hydrochloride, a deep blue cry'stallinc precipitate, containing 
Ci2lIs(NH2)2CrO„ is immediately formed. The same precipitate is 
formed on warming, even in very dilute solutions. 

When chlorine -water is added in small quantity of a solution of 
benzidine hydrochloride, tlie liquid assumes a fine Idue colour, which 
on further addition of chlorine-water changes to green; and ultimately, 
when the chlorine is in excess, a llocculent red jirecipitatc is formed, 
apiiarently containing CioH^ClaNoO, soluble in alcohol and ether, 
and forming a colourless compound on reduction. Bromine-water 
and a solution of bleaching powder act similarly; but in presence of a 
large quantity of free hydrochloric acid bromine forms tetrabrombenzi- 
dine, melting at 285°. With nitrous acid, solutions of benzidhie salts 
react to form letrazo-compounds which react with phenols, phenol- 
sulphonic and carboxylic acids, amido.sulphonic acids, etc., to form 
the important chess of bodies known as “tetrazo-dyes,” of which 
Rcd is tile type (Vol. 5, page 206), and which are remarkable for dyeing 
cotton without a mordant. 

Orthotoluidine. Nll2.CoII:,(CIl3).(CH3)C„H.,.NH2.— This base is 
homologous witli benzidine, and is prepared from ortlio-nilrotoluene 
by the same process liy which benzidine is prepared from nitrobenzene. 
It melts at 128°, and prc.sents a close resemblance to benzidine. The 
tetrazo-dyes prepared from it are less readily altered by acids than are 
the similar dyes prepared from benzidine. 

According to Roesler and Glasmann, Chem. Zeit.^ 1903, 27, 986. 
Benzidine and Tolidinc may be estimated iodomctrically. 

The method depends on the reaction of the bases with i molecule of 
iodine, according to the equations 

(Benzidine.) 

(Toluidinc.) 

About 5 grm. of the base are dissolved in 5 c.c. of hydrochloric acid, 
^P- gr. i.ig, and water, by the aid of heat, and when cold, diluted 
h> 500 c.c. with water. 25 c.c. of this solution are neutralised 
'vith sodium bicarbonate solution until precipitation commences. 
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This precipitate is rcdissolvcd in a trace of very dilute hydrochloric 
acid, care being taken that the final solution is perfectly neutral, since 
the presence of free acid will vitiate the results. The neutral solution 
thus obtained is diluted to 500 c.c., and titrated in the usual manner 
with N / 20 iodine solution, running drop by drop. The iododerivatives 
of the bases form voluminous dark blue precipitates, so the end 
reaction is best observed either with starch paper or by spotting out 
with starch solution on a white tile. — 



NAPHTHYLAMINES, PYRIDINE, QUIN- 
OLINE AND ACRIDINE BASES. 


By W. H. glover, Ph.D. 

NAPHTHYLAMINES AND THEIR ALLIES. 

When naphthalene, is treated cautiously with nitric acid, 

a-nitronaphthalcne, CjoHj.OjN, is formed, and this is converted by 
reducing agents into a-aminonaphth*aIenc or n-naphthylaminc, 
CjoPIy.NUj. By otlier reactions the isomeric /?-naphthylamine may be 
obtained. These two substances dilTer from each other in a notable 
manner, as indicated in the following table: 


(i-Naphthylamine ^-Naphthylamine 


Structural formula 

CH C.NH. 

IIC: C CH 

HC' 1! CH 

CH CH 

CH CH 

HCf \^\.Nn» 

HC (! CH 

\./ 

CH CH 



Odour. . 

Disagreeable; persistent None. 

Appearance 

Flat needles or prisms 

Pearly plates. 

Reactions of hydrochloride 
in solution: 

« itli ferric chloride 

i 

Blue precipitate i No reaction. 

\\ilh nitrous acid in alcoholic 
or acetic acid solution. 

Yellow colour, turned crim- 
son by hydrochloric acid. 

No reaction. 

With sulphanilic acid and 
sodium nitrite, followed by 
hydrochloric acid. 

Red colouration. 



III 
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a-Naphthylamine. 

This base is obtained by tlie reduction of nitronaphthalcne, or by 
heatin;^ o-naphthol with the double compound of calcium chloride and 
ammonia. ^ 

(V-Xaphlliylamine has a most disgusting and persistent odour, 
resembling tliat of feces. It turns violet or Imown in the air, but when 
purilied l)y sublimation this change occurs very slowly, and only on 
e.xposure to air and light. It is slightly volatile with steam. 

a-.Xaphtliyhimine is nearly insoluble in water, Init very soluble in 
alcohol and ether. It forms a series of readily-crystalli.sa])le, easily- 
soluble salts; the hydrochloride, Ci^H^.NlI.^jHCd, forms long jieedles 
and glistening scales, sublimes at 200°, and is soluble in water, ethyl 
alcohol and ether; the sulphate (tech, naphthylaminc S), fC',„II-XII.,).,.- 
H.^S(),, crystalli.ses with 2lld.) in white, silvery scales and is solubK* 
with dilTiculty in cold water and etliyl alcohol, but readily soluble in 
hot ethyl alcohol; tlic oxalate, (C,„H-.XH._T.,II._,C-bO,, forms small, 
glistening leatlcts; ihe hydro (^cfi oxalate, (',„II,. NIL, IL, crystal- 
lises in white nodules; the picrate has m. p. 105"^. When ammonia is 
added to a solution of a salt, the free base is precipitated in white, silky 
needles. 

On adding ferric chloride to a solution of «-naphthylaminc, or of one 
of its salts, an azure blue precipitate of naphthamein is produced, which 
rapidly becomes purple, but is unchanged by treatment with sul- 
phurous acid. Otlier o.xidising agents (e, g., chromic acid, bleach- 
ing powder) produce precipitates varying in colour from blue to 
violet or red. 

On adding an alcoholic solution of nitrous acid to a solution of 
a-naphthylamine in alcohol or glacial acetic acid, a yellow colour is 
produced, which, on adding a little hydrochloric acid, changes to an 
inten.se violet or magenta colour; or, in presence of only traces of naph- 
thylamine, to a reddish colour. 

A red colouration is produced when hydrochloric acid is added to a 
cold solution of a-naphthylamine, sulphanilic acid and sodium nitrite, 

• On a \a.Tfie. scale, nt-naphthylamine is prepared in a manner very similar to that em- 
ployed for the production of aniline. Nitronaphthalene is reduced by iron and hydrochloi c 
acid at a temperature of abrjut so". When the reduction is complete, milk of lime is adilcd 
and the naphthylaminc distilled off by the aid of .superheated ste^m. The crude product is 
purified by rcdistillation. when it is obtained as a nearly colourless oil, which solidifies to 
crystalline cakes of a greyish colour. It appears to be wholly free from /J-naphthylaminc, 
but contains an imi»urity which is probably i ;«-naphthylcnedian)ine, CioHofNIh)'.! (O. N. 
Witt, Dingl. Folyt. Jour., 1887, 265, 
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ovvin^^ to the formation of aminonaphthylazobenzciiesulplionic acid 

Commcrdal a-naphthylaminc is met with in white, gre\' or brown 
crystalline cakes; it should be free from oily constituents and almost 
completely soluble in dilute hydrochloric acid. NapJitJialrnr, die 
presence of which causes incomplete solubility, may be estimated by 
distilling the acidified solution in a current of steam, agitating the 
distillate with ether, separating the etliereal layer, evaiiorating'^at a 
low temperature and weighing the residue, d'he teclinical product 
may also contain .some ■i-naphthyl amine; this is i.solated by the frac- 
tional crystallisation of the hydrochloride and, .subse(|uentlv, of the 
SLilphati'. 

o-Naphthylamine, when boiled with glacial acetic acid, yields a- 
ai clnap/illKilnlc, ( ,,Jf-.XHAc, m. j). 159 -160'^, and when treated with 
benzoyl chloride ami aipieous sodium hydro.x'ide yields hctiz-a- 
naphlhalide (lienzoyl-o-naphthvlamine), C.JL.XHllz, m. p. 156”. 
o -Xaphthylamine is used in the preparation of o naphthol, a-naphthvl- 
ainine sulphonic acids, azodyes, Magdala Red (Vol. 5). and naphtha- 
lene fancy colours for cotton. 


/^Naphthylamine. .XIR. 

1 his modilication of aminonaphthalene is mo>t readilv olitained by 
hiating /-najihthol under pressure with ammonia at or with 

the double com[)ound of zinc chloride and ammonia at 200-210A 
,b\aj)hthvlamine is (xlourless and more stable than the a-moditica- 
hon. It \ olalilises in a current of steam, and is .slightly solulde in cold, 
more readily in hot, water, the solution e.xhibiting a blue iluorescence, 
\vlnch, however, is not shown by .y-na|)hthylamine salts. ,?-Xaphthyl- 
aminc gives no colouration with o.xidising agents, nor with nitrous and 
h\dro(:hloric acids in alcoholic solution. 


Tly ln;lmhlondv, IICI. crj-slallises in Icillets an,l is 

t^a( ily soluble in water and ethyl alcohol; the sulphate, 

crystalli.ses in leallets and is less soluble in water tlian the 
« ^alt, the puraic crystalli.ses in long, yellow needles, m. p. 195"^ 
(<Acoinp.), and is soluble in alcohol. 

Naphthylamine, when heated with (i) formic acid (sp. gr i d 
.VH'hls (\oTR.NH.CHO, m. p. i.nd, and (2) 

he rn ia acetic acid yields [i-acctnaphthalidc, crystallising in white leaf- 
m. p. 132''. 

Vol. VI.— 8 
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Commercial ^ 5 -naphthylamme should have m. p. 112° and be almost 
completely soluble in dilute hydrochloric acid; the insoluble portion 
is probably ^-naphlhol and ^-dinaphthylamine; the /?-naphthol is 
isolated by extracting the product with dilute aqueous potassium 
hydroxide and acidifying the alkaline extract with a mineral acid. 

/?-Naphthylamine is used in the preparation of red azo-dyes. 

Tetrahydro-/9-naphtliylamine. C , 1.NH2. 

This base has been introduced into medicine under the name of 
“Thermine.” It is a colourless, slightly viscous liquid, of peculiar 
odour. It is a strong base, a drop soon becoming converted into a 
crystalline mass of the carbonate on exposure to air. The hydrochloride 
forms well-defined white crystals, m. p. 237°, and is readily soluble in 
water, alcohol, and amyl alcohol. 

The physiological elTects of thcrmine embrace the two strongly 
marked characteristics of mydriasis (accompanied by pain) and ele- 
vation of the temperature, which latter effect has been observed to the 
extent of 4. 5°. 

ALKYL- AND ACYL-NAPHTHYLAMINES. 

Ethyl-a-naphthylamine, CjoH^.NHEt, when freshly distilled is 
a colourless oil, but on exposure to the air it becomes brownish-red 
by transmitted light and steel-blue by reflected light; it has sp. gr. 
18718'’ 1.073. 

Ethyl-^-naphthylamine, when freshly distilled, is a colourless, 
viscid oil, b. p. 315-316°; 305°/7i6 mm., 191725 mm., sp. gr. at 18° 
1.062, soluble with difficulty in hydrochloric acid. It comes on the 
market as Developer B and its use has been proposed for the prepara- 
tion of black azo-dyes, 

A method for estimating the above two substances is given by 
Vaubel {Chem. Zeit., 1903, 27, 278); reliable results are obtained, how- 
ever, only by an experienced worker. 

Phenyl-a-naphthylamine, CioHy.NHPh, is prepared by heating 
aniline with a-naphthylamine hydrochloride or a-naphthylamine with 
aniline hydrochloride at 240°; it crystallises in prisms, m. p. 62°, 
b. p. 226 °/i 5 mm., 335°/258 mm., is insoluble in dilute acids, and 
easily soluble in most organic solvents. The acetyl derivative has m. p- 
115°; the benzoyl derivative has m. p. 152°. The commercial product 
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is usually met with as pale brown cakes; it is used in the preparation 
of Victoria Blue. 

Phenyl-. 9 -naphthylamine is obtained by heating ^?-naphthol, 
aniline and aniline hydrochloride at 200-210°; it crystallises in needles, 
m. p. 108°, b. p. 395°, is slightly soluble in cold alcohol, ether, benzene 
and glacial acetic acid, and' readily soluble in the hot solvents forming 
solutions with a blue fluorescence. The hydrochloride, formed by 
passing hydrogen chloride into a solution in benzene, is decomposed by 
water; tlie acetyl derivative has m. p. 93°; the benzoyl derivative has 
m. p. 136°. 

(?-Tolyl-a-naphthylainine, C,oH7.Nn.C„II,.Me, is prepared by 
heating a-naphthol and u-toluidine with calcium chloride at 280°; it 
ciystalliscs in needles, m. p. 94-95^ is slightly soluble in light petroleum, 
readily soluble in tlie ordinary organic solvents. The addition of 
nitric acid to the greenish-yellow solution in sulphuric acid produces 
a dark greenish-blue colour changing to yellowish-brown while, 
potassium dichromate, in small quantity, gives a dirty dark-green, in 
larger quantity, a reddish-brown colouration. 

t;-Tolyl-; 9 -naphthylamine, prepared from ^ 9 -naphthoI, cJ-toluidine 
and calcium chloride, crystallises in glistening leaflets, m. p. 95-96°; 
it is decomposed by concentrated hydrochloric acid yielding u-toluidinc 
and /?-naphthol. The pale yellow solution of the base in concentrated 
sulphuric acid is coloured dark reddish-yellow by nitric acid, and 
brownish-violet by potassium dichromate. The picrate has m. p. 
110°; the benzoyl derivative has m, p. 117-118°. 

/»-Tolyl-(r-naphthylamine is obtained by heating a-naphthyl- 
amine with />-toluidine hydrochloride or a-naphthol and /?-toluidine 
with calcium chloride; it cr}^stallises in short prisms, m. p. 79°; is 
slightly soluble in cold alcohol and light petroleum, readily soluble in 
boiling alcohol, ether and benzene. The pale yellow solution in con- 
centrated sulphuric acid is coloured green by the addition of nitric 
acid or potassium dichromate. It is used in the preparation of Night 
Blue. 

/>-Toly^9-naphthylamine is prepared by heating ^9-naphthol, 
/'-toluidine, and />-toluidine hydrochloride at 200-210°; it forms 
reddish leaflets, m. p. 102-103°, is soluble in hot organic solvents, 
and slightly soluble in cold alcohol and light petroleum. The yellow 
solution in concentrated sulphuric acid gives a brownish-red colour 
With nitric acid and a raspbcrr>'-red colour with potassium dichro- 
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mate. It is decomposed by concentrated hydrochloric acid yieldim; 
/j-toluidinc and . 9 -naphthol. The acetyl derivative forms colourless 
needles, m. p. 85^; the benzoyl derivative crystallises in needles, 
m. p. 139*^. The base finds application in the preparation of Wool 
Black. 

Benzyl-a-naphthylamine, C,J{-.NTi:CK,Ph, is prepared from 
a-naphthylamine and benzyl chloride; it has m. p. 60 07° and is used 
in die preparation of Nile Blue B.B. 

Dimethyl-d-naphthylamine, CjJly.NMe,, is prepared by heating 
ci-naphthylamme with methyl iodide and methyl alcohol at too' 
or o-naphtliylamine hydrochloride with methyl alcohol at iso'll it is a 
liquid with a green tluorescence, b. p. 267^^, ami has an odour resembling 
petroleum. 

Diinethyl-.?-naphthylamine, is obtained by the action of tri- 
methylamine on d-naphthol at 200^^; it forms crystals, m. p. 46'^, 
b. p. 305''. 

Diethyl-o-naphthylamine, CjJI-.XKu, is formed hy heating 
a-naphdiylamine with ethyl bromide and alcohol under pressure at 
120°; it is a yellow oil, b. p. 290°. 

Methylphenyl-a-naphthylamine, Cj^^H^-NMePh, is prepared by 
acting on phenyl-o;*naphthylamine and methyl alcohol with hydrogen 
chloride under pressure; it is a greenish oil with a blue tluorescence, 
and is employed in the preparation of Victoria Blue. 

a-Dinaphthylamine, (C, ,,117)2X11, is prepared by heating a-naph- 
thylamine with its hydrochloride at 150'^. It crystallises in large 
rectangular leallets, m. p. 113°, and is insoluble in water, moderately 
soluble in alcohol, readily soluble in the other organic solvents. The 
solution in concentrated sulphuric acid is yellow at first, but quickly, 
especially when warmed, turns green. An alcoholic solution gives a 
pale green colouration with ferric chloride. The base is not altered 
by acetic anhydride, but with acetyl chloride it yields an acetyl deriva- 
tive which crystallises in needles, m. p. 217°. The picrate, (C,fjH7)2- 
NH,2('„H30-.X.„ forms ncedlc.s, m. p. 168-169°. 

a^9-Dinaphthylamine, C,„H-[a]NH[fy]Cipll7, is prepared by heat- 
ing a-naphthylamine and .Tnaphthol with crystalline calcium chloride 
at 280°; it cr)^stallises in long, stout, glistening prisms, m. p. 110-111°, 
and is readily soluble in warm alcohol, ether and benzene; the picrale 
crystallises in needles, m. p. 172-173°; the acetyl derivative forms 
stout needles, m. p. 125°. 
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^9-Dinaphthylamine is formed by heating ^ 9 -naphtiio] with zinc 
ammonium chloride under ^pressure at 280-300"^; it crystallises in 
silvery leallets, m. p. 170.5°, is slightly soluble in alcohol, readily in 
hot glacial acetic acid and benzene; the solutions exhil)it a blue fluores- 
cence. 'rhe picrate has m. p. 164-165°; the acetyl derivative crystal- 
lises in needles, m. p. 114-115.° 

Naphthylene-Diamines. Cj„IIo(NIIo)2. 

The naphthylencdiamines or diaminonaphthalcncs are prepared by 
heating the corresponding dihydroxynaphthalenes with ammonia, by 
the reduction of the dinitronaphthalencs, and in other ways. 

'rhe following table exliibits the leading properties of the most 
important members, which find application in the dyeing industr>” 

Naphthylaminesulphonic Acids.— It is not possil)le in a work of 
this kind to give a complete account of all the naphthylaminesulphonic 
acids known, but in the following pages the properties of the most 
important technical products are briefly summarised. The general 
methods of preparation are also mentioned as this gives an indication 
of the impurities to be looked for in testing the commercial material. 
General Methods of Preparation. 

(1) By sulphonation at dilTerent temperatures of the naphthylamines. 

(2) By sulphonation of the nitronaphthalencs and reduction of tlie 
product. 

(3) By nitration of the naphthalenesulphonic acids and reduction 
of the product. 

(4) By the action of ammonia on the naphtholsul phonic acid, the 
on group being replaced by the NIL group. 

Monosulphonic Acids of (i-Naphthylamine. 

Most of the naphthylaminemonosulphonic acids are commercially 
important chiefly in connection with the manufacture of tlie dyes 
which are obtained by combining them witli diazo-compounds. 

i-Naphthylamine-2-sulphonic acid {orthonaphthionic acid) is 
prepared by heating sodium naphthionatc with naphtlialene at 200°, 

SOaH group changing from position 4 to 2; it cr}'Stallises in triclinic 
needles, i part dissolving in 225 parts of water at the ordinary temper- 
ature; reduces solutions of gold salts; gives a greyish-green precipitate 
with ferric chloride and yields a diazo-compound which forms diffi- 
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cultly soluble greenish-yellow plates. Salts: sodium, difficultly sol- 
uble, I part dissolving in 60 parts of cold water or 10 parts of boiling 
water; aqueous solution exhibits dark green fluorescence; calcium, very 
difficultly soluble large, flat prisms, i part dissolving in 20 parts of 
water at 100°. 

i-Naplithylamine-3-Sulphonic acid (;') is formed in small quan- 
tities in the preparation of 1:6- and i;7-naphthylaminesulphonic acids 
by nitration and subsequent reduction of 2-naphthalcnesulphonic acid; 
it ciy’stallises in colourless needles, soluble with difficulty. Salts : 
sodium, easily soluble; barium (iHjO), flat, glistening needles. 

i-Naphtliylamine-4-sulplionic acid {naphthio^iic acid) is prepared 
by roasting a-naphthylamine hydrogen sulphate at 170-180° with 3% 
of oxalic acid; it is soluble with difficulty in cold water, i part dissolv- 
ing in 4,000 parts of water at 15° and crystallises with 1/2H2O; ferric 
cliloride colours the aqueous solution brown, which darkens on boil- 
ing. The acid, when heated with aqueous solutions of alkalies under 
pressure at 200-250°, yields the corresponding i-naphthol-4-sulphonic 
acid. Concentrated sulphuric acid gives rise to disulphonic acid 
derivatives, while dilute sulphuric acid decomposes it into a-naph- 
thylamine and sulphuric acid. Salts : sodium (411.0), large, mono- 
clinic, colourless crystals, easily soluble in water, insoluble in alcohol 
precipitated from aqueous solutions by sodium hydroxide and salt; 
the solutions show an intense reddish-blue fluorescence; tlie solid salt, 
when shaken with bcnzaldehyde, yields tlie benzylidene derivative, 
CHPh:N.('i„H„.S03Na, which crystallises in golden yellow plates 
and is decomposed by acids; calcium (SHjO), characteristic crystals, 
soluble in water. 

i-Naphthylamine-5-sulphonic acid (naphthalidinic acid ; Lau- 
rent’s or L-acid) is prepared by sulphonating a-naphtliylamine with 
concentrated sulphuric acid at 130°. Naphthionic acid is the initial 
product, but on prolonged heating the 1:5- and 1:6- acids alone are 
formed. It crystallises from hot aqueous solutions with iHjO in small 
plates, I part dissolving in 950 parts of water at 15°, and when fused 
with sodium hydroxide yields i-naphthol-5-sulphonic acid. Salts : 
sodium (iHjO), small, very soluble prisms; calcium (glljO), trian- 
gular plates, readily soluble in water; shaken with benzaldehyde it 
gives diflicultly soluble needles of the bmzylidene compound. 

Aqueous and alcoholic solutions of the acid and its salts show a 
green fluorescence. 
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i-Naphthylainine-6-sulphonic acid (.?) (Cleve’s -?-acid), pro 
duct'd with the 1:7- and 1:3- acids when naphthalencsulphonic acid is 
nitrated and subsequently reduced, crystallises in needles and plates 
according to the solvent used; i part of the acid dissolves in 1,000 parts 
of water at 15°, or 100-200 parts of water at 100°; aqueous solutions 
give with ferric chloride or gold chloride a corntlowcr-blue or reddish- 
violet colouration respectively; it is very stable and is not decomposed 
by dilute acids at 200® Salts: sodium (4H2O), rhombic plates; 
calcium (yHoO), slow crystallisation from hot concentrated solutions 
(2H2O). 

i-Naphthylainine-7-sulphonic acid (Cleve’s J-acid) crystallises 
in needles or flat prisms, and dissolves in 2 15 parts of water at 25°; ferric 
chloride gives an intense blue colouration, which on the addition of 
acetic acid becomes red. Salts: sodium (r/2H20), thin needles, 
readily soluble in water and methyl alcohol; c/wc (.}IL, 0 ), glistening 
yellow needles, soluble with difliculty in water. This and the former 
acid are combined with diazo-compounds to produce black azo-dyes 
for cotton fabrics. 

1- Naphthylamine-S-sulphonic acid (Schollkopfs or S acid) is 

prepared by cold nitration and subsequent reduction of naphthaleru'- 
sulphonic acid, the i :5-acid being formed simultaneously ; it crystallises 
in white needles, soluble in 4,800 parts of water at 21^^ or 240 parts at 
100°. Ferric chloride colours the cold saturated solution an intense 
violet, while gold chloride gives a red colouration changing to violet and 
violet fluorescence. The acid docs not condense with benzaldehyde; 
the r//ace-compound forms diflicultly soluble greenish-yellow' prisms. 
Salts : sodium^ plates, i part dissolves in 88.5 parts of w'ater at 24^^ or 
37.5 parts at loo*^; potassium^ large, shining plates, 1 part dissolves in 
28 parts of water at 19*^ or 6.7 parts at 100°. 

The salts of this acid have the peculiar property of clinging tena- 
ciously to ferric and aluminium oxides. 

Monosulphonic Acids of ^9-Naphthylainine. 

The most general method of preparing these acifls is by heating the 
corresponding /^naphtholsulphonic acids with strong aqueous am- 
monia under pressure. 

Most of the ; 9 -naphthylamine.sulphonic acids arc of importance. 

2- Naphthylainine-5-sulphonic acid (DahVs or y-acid) crystallises 
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in long, slender needles, soluble in i,ooo parts of cold or 2,000 parts 
of hot water; the no-compound forms greyish-yellow, difficultly 
soluble crystals. Salts: sodium (5H2O), large, thick plates, very 
soluble in water; potassium (11120), small rhombohedra, very soluble 
in water. 

Aijueous solutions of the acid and salts exhibit a reddish-blue fluo- 
rescence. 

2-Naphthylamine-6-sulphonic acid {Brimner's or [■i-acid) forms 
long, silky, prismatic needles, soluble in 630 parts of water at 100°; the 
</hz,:o-compound is a difiicultly soluble greenish-yellow powder. Salts : 
sodium (2ll20), white, silky needles, i part soluble in 40 parts of water; 
calcium (OlffO), long, silky needles, i part dissolves in 225 parts of 
cold water; ammonium (ill20), silky needles or plates with a violet 
fluorescence. 

A(jueous solutions of the acid and salts exhibit a Idue fluorescence. 
2-Naphthylamine-7-sulphonic acid (F- or h-acid, Baeycr's acid, 
CasclUds acid F) forms long, silky needles almost insoluble in cold 
water, soluble in 350 parts of hot water; the d ia zo-compound forms 
( rvslals which ai)pear orange-red by reflected light and colourle.ss by 
transmitted light. Salts: sodium (4FI2O), needles, difficultly 
soluble in cold, more easily in hot, water; ammonium, small, soluble 
jilates; calcium (blffO), blue fluorescent plates, i part dissolves in 
280 parts of cold water; magnesium (5 1/2II2C)), small, blue fluores- 
cent needles. 

Aqueous solutions of the acid and salts exhibit a reddish-violet 
fluorescence. 

2 -Naphthylamine-8-sulphonic acid {a-acid or Baden acid) forms 
small prisms, i part soluble in 1,700 parts of cold water and almost 
insoluble in alcohol. Salts : sodium, glistening tablets, insoluble in 
alcohol; potassium (1/2H.2O), six-sided plates; calcium {611,0), large, 
thick plates, i part dissolves in ii parts of water. 

Aqueous solutions of the acid and salts exhibit a pale blue fluores- 
cence. 

d'hc / 5 -naphthylamincsulphonic acids give characteristic coloured 
compounds with benzidine and tolidine, which are very useful in char- 
acterising the different isomeric acids. The coloured substances ob- 
tained with the three most important of the acids arc shown in the 
following table. 
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NHiiSOjH I - - “ 

I Benzidine compound 

Tolidine compound 


Yellow. 


2:6- ' Yellowish- red 

Yellowish-red (Benzopurpurin iB). 

a : 7 - I 

Bluish-red; insoluble magnesium salt; com- 
pletely precipitated by acetic acid. 



Disulphonic Acids of a-Naphthylamine. 

i-Naphthylamine-3 : 6-disulplionic acid {Freund* s acid), prepared 
by reducing i-nitronaphthalene-3:6-disulphonic acid, is readily soluble 
in water and alcohol, insoluble in ether and benzene; when heated 
with water it yields a-naphthol-3:6-disuIphonic acid. 

i-Naphthylamine-3 : 8-disulphonic acid {^-naphthylaminedisul- 
phonic acid), prepared by nitration and subsequent reduction of i:6- 
naphthalenedisulphonic acid, crystalli.ses in colourless, glistening 
scales (3H2O), and is extremely soluble in water; the d/as<>-compound 
forms white needles. SsMsi sodium hydrogen (2H2O), long needles, 
I part dissolves in 30 parts of cold water; disodium (dlljO), easily 
soluble in water; copper, flesh coloured powder almost insoluble in 
w'ater. 

Aqueous solutions of the acid and salts have a green fluorescence. 
i-Naphthylamine-4 : 6>disulphonic acid {DahVs acid No .II). 
WTien naphthionic acid is sulphonated, 33% of this acid and 66% of 
i-naphthylamine-4:7-disulphonic acid are produced; it is readily 
soluble in hot water, insoluble in alcohol; ferric chloride produces a 
white turbidity, while gold chloride gives an orange colouration; the 
t//az( 7 -compound forms silky, yellow needles. Salts : calcium hydro- 
gen, readily soluble white needles, forms double salts with other bases; 
calcium, glistening needles, soluble in hot methyl alcohol, in 85% 
alcohol, but not in absolute alcohol. 

Aqueous solutions of the acid and salts exhibit a blue fluorescence. 
i-Naplithylamine-4 : 7-disulphonic acid {DahVs acid No. Ill) 
crystallises in rosettes of needles, soluble in 20 parts of hot, sparingly 
soluble in cold, water, insoluble in 85% alcohol; the diazo-compound 
is a yellow, amorphous powder, difficultly soluble in water. 

Aqueous solutions of the acid and salts exhibit a blue fluorescence. 
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1- Naphthylamine-4 : 8-disulphonic acid (8-or S-acid) is prepared 
by heating a-naphthylamincmonosulphonic acid S widi fuming 
sulphuric acid at 100° till the product is soluble in water; it crystallises 
in readily soluble rhombohedra. Salts : sodium hydrogen^ difficultly 
soluble long prisms; sodiuMy colourless needles or (2H2O) compact 
clear crystals. 

Aqueous solutions of the acid and salts exhibit a green fluorescence. 

Disulphonic Acids of /?-Naphthylainine. 

These acids are obtained by heating the corresponding naphthol- 
sulphonic acids with aqueous ammonia. 

2- Naphthylamine-3 : 7-disulplionic acid {h-naphihylaminedisul- 
phonic acid) can be prepared by tlie reduction of 2-nitronaphtlialene- 
3:7-disulphonic acid; it is sparingly soluble ^in cold, readily in hot 
water; the sodium salt (iIljO) forms small needles, soluble in 50 
parts of water at the ordinary temperature. 

2-Naphthylamine-6 : 8-disulphonic acid, (amido-G-acid) , pre- 
pared by the action of fuming sulphuric acid on /?-naphtliylamine at 
110-140°, is readily soluble in water and when fused with sodium 
hydroxide yields aminonaphtliolmonosulphonic acid; the diazo-com- 
pound is readily soluble in water; the calcium and barium salts (normal) 
are readily soluble in water, 

1'hc acid is used in tlie form of its diazo-compound in the production 
of wool-blacks for dyeing. 

Naphthylaminetrisulphonic Acids. 

1- Naphthylainine-3 :6 :8-trisulphonic acid is prepared by the 
sulphonation and nitration and subsequent reduction of naphthalene- 
/'^-sulphonic acid. The solutions in alkalies are not fluorescent. Salts : 
disodiumy easily soluble in water, difficultly soluble in brine; sodium 
hydrogeuy fine white needles. 

2- Naphthylamine-3 :6 :8-trisulphonic acid is prepared by sul- 
phonating ^^-naphthylaminesulphonic acid (G) with sulphuric acid, 
containing 40% of sulphur trioxide, at 120°; it is readily soluble in 
water; the dfaso- compound forms yellow needles; the az< 7 -compound 
With R salt is red and easily soluble; the potassium hydrogen salt forms 
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sparingly soluble, glistening needles. Aqueous solutions of the acid 
and salts exhibit an intense sky-blue fluorescence. 

Diaminonaphthalenesulphonic Acids. 

A few diaminonaphthalenesulphonic acids have come into use 
recently for the manufacture of dyestuffs, and therefore are of some 
importance. 

1 :4-Diaminonaphthalene-6-sulphonic acid, prepared by the 
nitration and subsequent reduction of 1:5- or i ly-naphthylamine- 
monosulphonic acid, the first amino group being protected by acetyla- 
tion, is a cr)'stalline powder readily soluble in water. 

1 : 5-Diaminonaphtlialene-3 : 7-disulphonic acid, similarly pre- 
pared from naphthalenc-2:6-disulphonic acid, forms microscojiie 
crystals, insoluble in water; tlie sodium salt is soluble in 20 parts of 
cold water. 

1 : 8-Diaminonaphthalene-3 :6-disulphonic acid, prepared by the 
reduction of i:8-dinitronaphthalenc-3:6-disulphonic acid with ammon 
ium sulphide, is slightly soluble in water; ferric chloride colours an 
aqueous solution reddish-brown. Salts: potassium (3lL,0), thin 
needles, fairly soluble in hot water; sodium, slender needles; barium 
hydrogen, slender, glistening needles, difficultly solul)le in hot water; 
barium (6II,/)), slender needles difficultly soluble in hot water. 

Aqueous solutions of the acid and salts arc not fluore.sccnt. 

Analysis of Naphthylaminesulphonic Acids. 

Various methods have been proposed for the analysis of the naph- 
thylaminesulphonic acids, and used with more or less success. 

Two methods much in use arc the titration of the free acid or its 
sodium salt with a standard solution of (i) .sodium nitrite or {2) 
diazobenzene or diazotoluenc. The dye formed is salted out and the 
end-point ascertained by taking a drop of the solution on a filter paper 
and adding a drop of the diazo-solution to see if any more dye is 
formed. Even with the most skilful workers the degree of accuracy 
is not greater than 1-2%. 

Another method proposed by Vaubel (Cliem. Zeit., 1893, 17, 1265) 
depends on the ab.sorption of bromine by some of the sulphonic acids. 
He finds that they can be divided into 3 classes: 
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1. Sulplionic acids which absorb i atom of bromine. 

2. Sulphonic acids which slowly absorb several atoms of bromine. 

3. Sulphonic acids which do not absorb bromine at the ordinary 
temperature. 

Class I includes the following acids: 

1 - N a ph thy 1 am i n e- 2 -sulphoni c acid. 

I -Na])hthylamine-4-sulphonic acid, 

1 - .\aphthylamine-4:6-disulphonic acid. 

T-Naphthylaniine-4:7-disulphonic acid. 

1 Naphthylamine-4:8-disulphonic acid. 

2- Na|)hthylamine-3:6-disulphonic acid. 

2-Naphthylamine-5-siilphonic acid (2 Br.). 

1 ;6-l)iaminonaphthalene-4-sulphonic acid. 

('lass 2 includes; 

T'Xaphthylamine 7-.sulphonic acid which absorbs 3 Br. 

i-Xaphtliylarninc-8-sulj)honic acid which absorbs 2 Br. 

1- Xaphthylaminc-3:7-disulphonic acid which alxsorbs 2 Br. 

2 \aidithylamine-6-.sulphonic acid which al)sorl)s 3 Br. 

2- \aphtliylamine-7 -sulphonic acid which absorbs 3 Br. 

Class 3 includes: 

2-Naphthylamitie-8 -sulphonic acid. 

2-Xaphthylamine-6:8-disulphonic acid. 

d'hc method of procedure is to add to a weighed c|uantity of (he 
sulphonic acid an e.\cess of jmtassium bromide and sulphuric acid, 
and (hen a standard solution of potassium bromate until there is an 
excess of bromine; the estimation is carried out at Uie ordinary tem- 
perature. 

In the case of those acids which fall under Class 3, it has been 
found that i atom of bromine is taken up at 65-75° without much 
loss of bromine; care mu.st be taken, however, to keep the tem- 
perature below 75° otherwise the end-point is not ea.sily determined. 

Aminonaphthols. NHj.CioH^.OH. 

These substances are unstable bases obtained by the action of 
reducing agents on the nitro- or nitroso-naphthols, or on certain 
azo-dyes. The following table shows the leading differences of the 
principal members of the group: 
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4-Amino-i-naphthol ] 

a-Ainino-i-naphthol j 

i-Amino-3-naphthol 

Mode of formation. . 

Reduction of 4-nitro- 
rt-naphthol; or of 
Orange I, (Vol. 5). i 

Reduction of 3-nitro- , 
a-naphthol ; or of ni- 
troso-<i-naphthol. 

Reduction of i-niti..- 
(9 naphthol; of niti.i- 
si.>-,y nnphthol; or di' 
Orange 11 , (Vol, 5), 

Characters of free 
base. 1 

i 

i 

Unstable ' 

Needles from water 
containing sulphur 
dioxide; soluble with 
difficulty in water. 

Colourless scales; 
slightly soluble i!i’ 
water; oxidi.sed in 
the .air. Ethereal so- 
lution exhibits vioU t 
lluorescor.ee. 

Reaction on agilat- 
ing .alkaline solu- , 
tion with air. 

j 

Dirty green coloura- ' 
tion. changing to 
yellow. 

Permanent grass- 

green colour, and 
green scum soluble 
in alcohol to pure 
green solution. Or 
violet naphthaquin- 
onimidt — 

Brown colouration. 

Reaction with bro- 
mine water. 

Yellowish-white nee- 
dles precipitated, 

1 even in very dilute 
s<dutions. 

Yellowish or green 
precipitate (the 

.same with ferric- 
chloride). 


Characters of hydro- 
chloride. 

Long white needles j 
1 or acicular plates. ; 
1 With bleaching pow- ; 
f dcr yields C?oHi-.'N'j- | 
Cl, which separates | 
from acetic acid so- j 
! lution in nec<llcs, j 
melting at 85° and | 
exploding at i ^o”. i 

White lamina: 

White lustrous needles: 
readily solulde in 
water, but only sp.ir- 
ingly in dilute hydrn- 
chloric acid. 

Product of oxida- | 
tion with chromic ; 
acid mixture. 

Theoretical yield of 
a-naphthaquinone. 

^-naphthaquinone. 

j ,J-naphthaquinone. 

1 


Aminonaphtholsulphonic Acids. 

The aminonaphtholsulphonic acids are not so important as the 
naphthylamincsulphonic acids, but many of them have found useful 
application in the manufacture of dyes. 

i-Amino-2-naphthol-6-sulphonic acid is prepared by the reduc- 
tion of nitrosonaphtholsulphonic acid with tin and hydrochloric acid; 
it forms long, greyish-white needles, soluble with difficulty in boiling 
water and ethyl alcohol, insoluble in ether; with diazobcnzenesulphonic 
acid it gives a fuschine red dye. Salts : sodium (2 1/2H2O), used as a 
photographic developer under the name of Eikonogen^^ (R. Meldola, 
J. Soc. Chem. Ind., 1889, 8, 958). 

Aqueous solutions of the acid and salts oxidise in air, turning brown. 
i-Amino-2-naphthoI-4-sulphonic acid forms bright yellow 
needles, insoluble in water, alcohol, ether, and benzene; it is decom- 
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posed by concentrated hydrochloric acid at 150° with elimination of 
sulphuric acid, and in alkaline solution is oxidised by the air giving a 
brown dye^ which dissolves in hot water with a green colour. 

1- Amino-8-naphtliol-4-sulphonic acid (S-acid), prepared by 
fusing i-naphthylaminedisulphonic acid (S) with potassium hydroxide, 
forms needles readily soluble in water, and combines with 2 mole- 
cules of a diazo-compound yielding dark coloured dyes; ferric chloride 
gives an emerald-green colouration; alkaline solutions have an in- 
tense blue fluorescence. 

2- Amino-i-naplithol-4-sulphonic acid, prepared by the reduc- 
tion of the corresponding nitrosonaphtholsulphonic acid, forms pearly 
needles and plates (ilIjO), and when warmed with aqueous alkali 
in the presence of air yields a violet-black dye. 

2-Amino-8-naphthol-6-sulphonic acid (G- or y-acid), prepared 
by fusing /i-naphthylaminedisulphonic acid witli sodium hydroxide 
in an autoclave, forms white needles difficultly soluble in water, and 
reduces ammoniacal solutions of copper and silver salts; the duizo-com- 
pound is a difficultly soluble, lemon-yellow substance, which dissolves 
in sodium hydroxide solution with a deep blue colour. The salts of 
the alkali and alkaline earth metals are readily soluble and acted on 
by light; solutions of the alkali salts have a blue fluorescence. 

Disulphonic Acids of the Aminonaphthols. 

i--Amino-8-naphthol-2 :4-disulphonic acid (SS- or aS-acid)^ 
prepared by fusing i-naphthylaminc-2:4:8-trisulphonic acid with 
sodium hydroxide, is easily soluble in water; ferric chloride colours its 
aqueous solution a dark green; the sodium salt (iHoO) forms small 
needles; bleaching powder colours its solution brownish-green, becom- 
ing reddish-brown with excess of the reagent. 

i-Amino-8-naphthol-3:6-disulphonic acid (H-acfd), prepared 
by fusing i-naphthylamine-3:6:8-trisulphonic acid with sodium hy- 
droxide, forms slender needles, sparingly soluble in water; the drnzo- 
compound forms sparingly soluble yellow needles which colour a 
sodium hydroxide solution violet, changing to green on dilution. 
Salts: sodium hydrogen (i 1/2H2O), slender, white needles, readily 
soluble in hot water; ferric chloride or bleaching powder solutions 
give a brownish-red colouration; barium hydrogen (4 1/2H2O), 
diflicultly soluble silky needles. 
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Dilute solutions of the acid and salts have a bluish-red lluorcscencc 
which on tlie addition of alkali becomes reddish-violet. 

1- Amino-8-naphthol-4: 6-disulphonic acid (K-jc/J), prepand 
by a similar metliod from the corresponding naphthylaminetrisulphonic 
acid, unites in acid solution witli diazotised sulphanilic acid yielding a 
very soluble intense Rordeaux-Red azo-dye. The sodium hydrogen 
salt forms needles readily soluble in water, the solution of which has 
an intense bluish-violet lluorescence, changing to greenish-blue on tlie 
addition of alkali; ferric chloride and bleaching powder solutions give 
dirty green and brownish-red colorations respectively. 

2- Amino-8-naphthol-3:6--disulphonic acid (RR- or 2R-acid), 
prepared by fusing 2-naphthylamine-3:6:8-trisulphonic acid with 
alkalis, is used for making black colours dyeing cotton direct. 

Analysis of the Aminonaphtholsulphonic Acids. 

The analysis of die aminonaphtholsulphonic acids can be carried 
out by the method already mentioned for the analysis of naphthvl- 
aminesulphonic acids, namely, by titration with standard solutions 
of sodium nitrite, diazo-benzene or diazo-toluene. 


PYRIDINE BASES. 


These bases are contained in coal-tar naphtha: in .shale-oil; in peat- 
tar; in tobacco-smoke; and, together with ammonia and methylamine 
and its homologues, in the product called “ Dippel’s oil,” obtained by 
the distillation of bones and other animal matters. Pyridine itself 
has received several technological applications, and is of great intere.^l 
theoretically in relation to the alkaloids. 

l^yridine may be regarded as benzene, in which one of the Cl I groui)s 
has been replaced by N. Thus: 


CH 




CH^CH 

CH^CH 

benzene, 




CH 


^CH-CTL 

CH^ >N 

"^CH -t:h/ 

Pyridine. 


The homologous bases are derived from pyridine by the substitu- 
tion of CH3, C.JIr, etc., for one or more of the hydrogen atoms, and 
consequently admit of isomeric modification according to the position 
of the substituted atoms in the chain. 

The following is a list of bases of the pyridine scries. The b. p. 
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and sp. f^r. arc only approximate, as the isomeric modifications exhibit 
sensible diilerences in their physical properties. 


CJI.X Pyridine 

C,dI,N' Picolinc (j Metliylpyri 
dine). 

CtIIiN Lutidinc 

(Mi,„N I'ullidine 

CdIi.'.N Parvoline 

Corridine 

Rubidine 

CidliiN Viridine 

From the above table it is evident that the b. p. rises as the number 
of carbon-atoms in the molecule increases. For the first four members 
of the series the sp. gr. diminishes with increase in the molecular weight, 
but with the higher members tlie reverse is recorded as being the case. 
The lower members are miscible with water in all proportions, but 
collidine and its higher homologues are insoluble, or nearly so, in 
water. 

If a drop or two of pyridine, or one of its homologues, be warmed 
in a test-tube with a similar quantity of methyl iodide, the product 
mixed with powdered potassium hydroxide and moistened with water 
and heat applied, a highly characteristic and peculiar odour is pro- 
<luced, owing to the formation of a pyridine dihydride. It resembles 
that of a mixture of mustard oil and isonitrile. The least trace of 
I)yridinc or its homologues can be detected in tliis way. A somewhat 
similar odour is obtained when a quinoline base is treated in the same 
manner, but tlie aniline bases and piperidine do not give tlie reaction. 
The foregoing test, due to A. W. Hofmann, is modified by de Coninck 
as follows: i c.c. of the base is gradually mixed with 2 c.c. of methyl 
mdide, the liquid being cooled during the mixing. The crystalline 
product is dissolved in about 5 c.c. of alcohol, the liquid heated to 
boiling, and very concentrated potassium hydroxide solution dropped 
A blood-red colour is produced, and tlie liquid finally becomes 
Tark brown if a pyridine base be present (Compt. Rend., 1886, 102, 
Vol. VI.— 9 


I IS- 1 if)"* .oSsS 

Cl 5 - ms" .Oil 

179''' .')2l 
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1480). Piperidine, sparteine, ciculine, and the aniline bases give no 
similar reaction. 

The bases of the pyridine scries arc tertiary monamines, and form 
with alkyl iodides compounds^ which are not decomposed by potassium 
hydroxide, but yield alkaline hydroxides by reaction with silver oxide. 

The pyridine bases and their salts exert a soporific action on the 
higher animals. When inhaled, pyridine acts as a respiratory sedative. 
It has been successfully used as a heat stimulant and as a topical 
antiseptic in diphtheria. Penzhold found pyridine to act as a general 
antiseptic, especially as regards mycelia. On the lower animals, 
pyridine and its homologues act as violent poisons, and have been suc- 
cessfully employed in 0.2% solution for destroying the scab-acarus in 
sheep, the vine-louse, and other injurious insects. The pyridine bases 
appear to be little, if at all, inferior to nicotine for these purposes, and 
have also been employed in disinfecting powders. 

Isolation of Pyridine Bases. 

For tire preparation of the pyridine bases, bone-oil, or the fraction 
of coal-tar or shale-oil boiling between 80° and 250°, should be agitated 
with sulphuric acid diluted with twice its measure of water, the treat- 
ment being repeated to ensure the complete solution of the bases. The 
acid liquid is separated and distilled (or boiled by a current of steam) 
till the vapours no longer redden a slip of fir-wood moistened with 
hydrochloric acid, showing that all the pyrrole has been driven off. 
The liquid is then filtered through linen to separate tarry matters, an 
excess of sodium hydroxide added, and the whole distilled witli steam 
as long as bases continue to pass over, as indicated by the production 
of fumes by contact of the vapours with hydrochloric acid. The dis- 
tillate is allowed to cool, and is then treated gradually with a large 
quantity of solid potassium or sodium hydroxide, till the pyridine 
bases separate as an oily layer on the surface of the alkaline liquid.' 
The upper stratum is separated, and, if it contains aniline, fuming 
nitric acid is cautiously added and the mixture gradually heated to 
boiling, whereby the aniline is destroyed, while the pyridine bases 
remain intact.^ Water is then added, the precipitate filtered off, and 

* Their methiodides (PyMel) strongly excite the brain and paralyse the extremities. 

* The alkali can be greatly economised, with a loss of some of the higher homologues, by 
rendering the distillate acid with hydrochloric acid, and concentrating it to a small Dulk by 
evaporation at a gentle heat before adding potassium hydroxide. 

*Greville WilUams destroys aniline and its homologues by heating with potassium 
nitrite and hydrochloric acid. Hiusermann converts the aniline into sulphate, which salt 
is much less soluble than the sulphates of the other bases. 
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the filtrate again treated with solid potassium hydroxide. The layer 
of bases is removed, and further treated with solid potassium or sodium 
hydroxide for several days, or until no more alkali dissolves. It is 
only by prolonged contact with solid caustic alkali that the bases can 
be freed from water, and it is absolutely necessary to obtain them in a 
perfectly anhydrous state before attempting to separate them by 
fractional distillation. This is a very tedious operation, but is greatly 
facilitated by operating in a vacuum, and by the employment of a 
Ilempers tube or Henninger^s or Glynsky’s bulbs. Goldschmidt and 
Constam {Bcr.^ 1884, 16, 2976) found that the mixture of bases 
extracted by vitriol from coal tar boiled between 92° and 200°, and 
after repeated fractionation a little passed over below 100^, and about 
one-half between 114° and 117° (pyridine), while above this tempera- 
ture no constant b. p. was observed. Ver)^ little distilled above 160.° 
'rhe most volatile fraction boiled constantly at 92-93°, treatment 
of which, with solid potassium hydroxide, caused a separation of 
aijsolute pyridine, boiling at 114-115.° 

C. Iliiusermann has pointed out that the amount of sulphuric acid 
employed in English tar-works for treating 50 and 90% benzols is 
insufficient to remove the bases. He found up to 0.10% of pyridine in 
commercial benzene, and 0.25^4' in the toluene made from this. 
Hence the nearly pure benzene, toluene, xylene, etc., now largely 
majuifactured, can be employed with advantage for tlie preparation 
of the pyridine bases, as the tedious fractionation has already been 
accomplished. Thus the base extracted by diluted sulphuric acid 
from toluene will l)e nearly pure pyridine; from xylene, chiefly picoline; 
and from burning and solvent naphtha, the higher homologues. 
English-made toluene yields about o.$% of pyridine, and a similar 
amount of picoline can be extracted from commercial xylene. Pyridine 
is more commonly made from crude heavy naphtha, and picoline from 
the lighter creosote oils. 

Pyridine, 

CH.CH 

CAN;or('n€ V 

CH: CH 

This substance is the lowest and most important member of the 
pyridine scries of bases. It has been used as an antiseptic and germi- 
cide, and is employed in Germany for “ denaturing alcohol. Pyridine 
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is the starting-point in the preparation of several valuable antipyretics, 
and many of the natural alkaloids arc derivatives of it. 

The method of preparing pyridine from tars has already been 
sufficiently indicated. It may be obtained by several interesting 
synthetical reactions, as by passing a mixture of acetylene and hydro- 
cyanic acid through a red-hot tube: aCjhT-f CHN = C5ll5N. Pure 
pyridine is conveniently obtained in small quantity by distilling nico- 
tinic acid with lime: CjH^X.COOlI-i- ('aO - C5H5N+ CaCO,. 

Commercial pyridine may be purified by dissolving 200 c.c. in 
400 c.c. (or a sufficiency) of strong hydrochloric acid, liltcring the 
liquid if necessary, and then adding 1,000 c.c. of a 30^0 aqueous 
solution of potassium ferrocyanide. The precipitate is filtered oh 
and washed with cold water, in which the hydroferrocyanidcs of 
ammonia and the picolines are easily .soluble, while the corresponding 
salt of pyridine dissolves but sparingly. 'Fhe washed precipitate is 
treated with a cold, highly concentrated solution of sodium hydroxide, 
when the pyridine separates as an oily layer; and, thus obtained, it 
contains a considerable but variable proportion of water, l)ut if desired 
may be rendered anhydrous by treatment with sticks of potassium or 
sodium hydroxide, which should be renewed until they cease to liquefy 
on standing. 

The following method of purification has been recommended by 
Ladenberg {Annalefi, 1888, 247, 4): a solution of 135 grm. of mer- 
curic chloride in 1000 c.c. of hot water is added to a solution of 20 
grm. of pyridine in 100 grm. of a 10% solution of hydrochloric acid and 
the precipitated mercuricJiloride, C5H5N,IICl,2HgCl2, crystallised 
from water; it forms compact needles, m. p. 177-178°; the pure double 
salt is then distilled with a strong solution of sodium hydroxide and 
the base thus obtained dehydrated in the manner just described. 

Pure pyridine is a colourless liquid, b. p. 115.5° /760 mm., 1)'^ 

4 

0.9893, possessing a most powerful and persistent odour, and produc- 
ing a bitter taste in the mouth and at the back of the throat. The 
vapour causes severe headache. The b. p. of pyridine is greatly 
reduced by the presence of water, which it is difficult to separate 
completely, and which pyridine absorbs with avidity from the air. A 
mixture of water and pyridine having the composition represented by 
the formula C5H5N,3H20, has a sp. gr. 1.02 19 and boils constantly at 

92-93'’- 
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Pyridine dissolves in water in all proportions, but is precipitated 
from its solutions by excess of strong potassium or sodium hydroxide. 
It is also miscible with alcohol, etlier, cliloroform, benzene, and the 
fatty oils. Pyridine, as compared witli its derivatives, is not an active 
poison; in small doses it has a stimulating effect, while in large doses 
it has a direct paralysing action on the cardiac muscle. 

Pyridine is a powerful Ijase, neutralising acids completely and 
fuming like ammonia in presence of hydrochloric acid and otlier 
volatile acids. It blackens calomel, and precipitates many metallic 
solutions. Pyridine has no effect on a solution of calcium chloride, 
but on passing carbon dioxide through tlie lifjuid calcium carbonate 
is preci|)itated. (Xo precipitate is produced if aniline be substituted 
for pyridine in this reaction.) Absolute pyridine has no action on 
litmus, but in presence of water it turns it strongly Idue, though the 
reaction is not capable of being employed for titrating the base, for 
which purpose methyl-orange is suitable. On phenolphtlialein 
pyridine has no action. 

Pyridine is an extremely staldc sul)stance. It is not affected Ijy 
treatment witli chromic or fuming nitric acid, and these reagents may 
be employed to free it from aniline and empyrcurnatic impurities. 

A su])stitution product of pyridine, y.^-ilihromopyridinc, Cr^IP^NBro, 
is formed by heating a mixture of pyridine hydrochloride and l>romine 
at 200°. It is precipitated by adding water to its solution in strong 
hydrochloric acid in needles m. p. ioq-iio°, but commencing to 
sublime at 100°. It is soluble in ether and is not acteil on l)y alkalies, 
acids or oxidising agents. 

By reduction with tin and hydrochloric acid, pyridine is converted 
into piperidine, C.IIjjX, identical with the substance obtained by 
hydrolysis of piperine, the alkaloid of ])epper. 

When })yridine is acted on l)y sodium at 75-80°, it yields y-dipy- 
ridyl, dipyridine, fx(7-nicotine, etc. 

r,ii,N 

‘\'-\'-{T)’Dipyriiiyl, | |, crystallises from light petroleum in 

C,II,X 

glistening plates, m. p. 1 1 1-112°, b. p. 293° /744 mm., and from water 
m needles containing 2112(1, m. p. 73°; it sublimes in long neeilles and 
has a bitter taste. A solution of the hydrochloride, Cj^IlgN.,, 2llCl, 
which forms large, monoclinic, transparent rods, when treated witJi a 
few drops of a solution of potassium fcrrocyanide yields a pale pre- 
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cipitate which quickly becomes dirty indigo-blue and then dissolves in 
boiling water to a deep purple-red solution. 

Dipyridine, is an almost odourless, highly refractive, 

viscid oil, b. p. 286-290° 7735 mm. (decomp.), the salts of which are 
amorphous. 

iso-Nicotine, forms slender needles, m. p. 78°, b. p. 

above 260° (dccomp.) ; it is very hygroscopic and attacks the skin in 
the same way as potassium hydroxide. Wlien oxidised with potassium 
permanganate it yields pyridine-4-carbo.xylic acid. 

Salts of Pyridine. 

Pyridine forms well-defined salts, most of which arc crystallisable 
and deliquescent. They are oclourless when pure, and can be dried 
without change at 100°, but become slightly coloured on exposure to 
air and light. 

Pyridine nilrafe, C5H5N,IIN03, forms slender, colourless needles, 
or short thick prisms, ver}' easily soluble in water, but less so in alcohol, 
and insolul)le in ether. 

Pyridine sulphate, (C5n5N)2,H2S04, is crystalline, and extremely 
soluble in water and alcohol. 

Pyridine Hydrochloride, C5H5N,HC1. — When pyridine is neutralised 
with hydrochloric acid, and the solution evaporated at 100°, a syrupy 
liquid is obtained, which, on cooling, becomes gradually converted 
into a mass of radiating crystals. The salt deliquesces in moist air, 
and sublimes unchanged at a high temperature. It is volatile to a 
very notable extent at 100°, and hence cannot be dried at that tempera- 
ture without loss. It is readily soluble in water and alcohol, but insolu- 
ble in ether. 

With platinic chloride, a solution of pyridine hydrochloride yields a 
yellow precipitate of the plalinichloride, C5H5N,H2PtClfl, which crys- 
tallises in orange-yellow, triclinic prisms, m. p. 240-242°, and decom- 
poses a few degrees above this temperature; it is reatlily soluble in 
boiling water, less so in alcohol and insoluble in ether. An aqueous 
solution of the platinichloride, when boiled for a short time, yields the 
salt (C5Hr,N)2,H2ptClg,(C.r,Hr,N)2PtCl4, crystallising in golden- 
yellow leaflets, but if the boiling be prolonged for several hours, the 
pyridine platinochloride, (r,jIIjN)2PtCl^, separates as a yellow powder, 
insoluble in water and acids. The platinichloride, when heated with 
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an excess of pyridine, yields the platinosochloride (C5HjiN)2PtCl2, 
which crystallises from alcohol in small needles. 

Pyridine picrate, C5ll5N,C,iH2(N02)30H, is deposited in beautiful 
yellow needles when picric acid in aqueous solution is added to a 
solution of an equivalent weight of pyridine. The salt has a remark- 
able tendency to carry picric acid down with it, so that if twice the 
equivalent proportion of picric acid be employed, the product has the 
percentage composition of an acid salt, Py,2Pc; but its real nature is 
indicated by its behaviour with ether, which dissolves out the free 
picric acid, leaving the normal picrate. l^yridine picrate may also be 
prepared by mixing strong solutions of sodium picrate and pyridine 
hydrochloride. The salt melts at 162°, and is soluble in 91 parts of 
cold water, but in less than 6 parts of boiling water. It is readily 
soluble in hot alcohol, but requires about 100 parts of the cold solvent, 
and is deposited on cooling in long, slender, interlaced needles of a 
beautiful yellow colour. It is only very slightly soluble in ether, chloro- 
form, or benzene, and practically insoluble in petroleum spirit, but it 
dissolves with great facility in pyridine and cresylic acid. It is readily 
soluble on warming in ether, benzene, or petroleum spirit containing 
10% of cresylic acid, and is freely soluble in aqueous solution of pyri- 
dine and sodium cresylatc (A. II. Allen). 

Pyridine picrate has an intensely bitter taste and nauseous pyridic 
after-taste. A moderate dose, for e.xample 0.2 grm., produces violent 
vomiting. It is a valuable insecticide. 

Pyridine is remarkable for its tendency to form compounds with 
metallic salts. These substances arc more or less liable to decompo- 
sition by washing or boiling with water, and lose pyridine when heated 
to 100° or a somewhat higher temperature. 

The zinc chloride compound, 2C5ll5N,ZnCl2, separates as a volu- 
minous white precipitate on treating an aqueous solution of zinc 
chloride with excess of pyridine; it crystallises from hot alcohol with 
2H2O in stout rods, sinters at 200°, and is converted by prolonged 
treatment with water into pyridine and a basic zinc chloride. The 
zinc chloride compound dissolves in hydrochloric acid to form a double 
chloride of zinc and pyridine, 2(C5H5N.KCl),ZnCl2, which forms 
l?roups of white lustrous needles soluble in water, almost insoluble in 
cold alcohol. The cupric chloride compound, 2C5H5N,CuCl2, is pre- 
cipitated in fine greenish-blue, glistening, silky needles on adding 
pyridine to an alcoholic solution of cupric chloride; it is soluble in 
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pyridine, in aqueous solutions of pyridine and in ammonia. Wiili 
mercuric chloride, a very dilute aqueous solution of pyridine (1-1,000) 
yields a precipitate which dissolves with extreme readiness in warm 
water, and separates out, as the solution cools, in long white needli s. 
With mercuric iodide pyridine forms a compound, 2C5lI,,N,HgI ,, 
which cr}’stallises from alcohol in beautiful white needles, m. p. 97 . 

From acid solutions of pyridine, phosphotungstic acid throws down 
a ver)^ difficultly soluble precipitate. 

Detection and Estimation of Pyridine. 

The recognition and estimation of pyridine are to a great extent 
based on the properties already described. In the free state, the snu II 
and basic character of pyridine amply sufiice for its recognition in the 
absence of other basic substances of powerful odour, and it is readily 
liberated from its salts by addition of sodium hydroxide, and obtained 
free from every interfering substance by distilling its acjueous solution. 
It may also be extracted from its aqueous solution by agitation with 
ether, provided that the liquid be saturated with sodium hydroxide. 

From aniline, pyridine is distinguished by not giving any coloured 
product on adding a solution of bleaching powder, though the liquid 
acquires a new and peculiar odour. Means for distinguishing between 
pyridine and piperidine are given on page 142. 

The presence of pyridine in aqueous solutions containing more than 
1% may be detected according to K. Vongerichten {Ber., 1899, 
2571) as follows: An alcoholic solution of i-chloro-2:4-dinitrol)cnzene 
is added to a portion of the liquid under investigation 4nd the mixture 
gently warmed and shaken; after cooling, the addition of sodium 
hydroxide solution produces a reddish-violet colouration if pyridine 
is present. 

The following method for the detection of pyridine in “denatured ’ 
alcohol has been described {Chem. Jnd., 1900, 23, 25). Sulphuric 
acid is added to the sample of spirit, which is then evaporated to dry- 
ness, the residue neutralised with sodium hydroxide solution, distilled 
and the distillate treated with a solution of potassium mercuric iodide; 
if pyridine is present, a yellow crystalline precipitate is obtained whii h, 
when treated with potassium hydroxide, gives the characteristic odour 
of pyridine. According to W. Lang, the traces of pyridine sometimes 
contained in commercial alcohol may be detected and removed l»y 
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shaking the spirit with powdered zinc chloride; or, according to \V. 
Kirschmann, by the addition of an acid solution of aluminium sulphate. 
Ill the former case, the pyridine is removed in the form of its zinc 
chloride compound, and in the latter case pyridine alum is formed. 
(See Vol. I. page 102.) 

The traces of pyridine sometimes present in fusel oil may be detected 
by adding picric acid, which occasions a formation of pyridine picrate. 

The presence of ammonia in pyridine can be recognized (in the 
absence of fi:fed alkalies) by the red colouration produced in the aque- 
ous solution by phcnolphthalein, on which pure pyridine has no action. 
If the indicator be used in considerable quantity, and a low temperature 
employed (as recommended by J. II. Long, Analyst^ 1891, 15, 53), the 
ammonia can be approximately determined by titrating the aqueous 
solution with standard acid. 

For the detection of traces of pyridine in commercial ammonia, 
H. Ost recommends that the sample should be nearly neutralised, 
when the odour of pyridine may be recognised. By distilling the 
nearly neutralised licpiid, collecting the distillate in hydrochloric acid, 
evaporating, and extracting the residue witli absolute alcohol, a solu- 
tion is ol)tained containing l)Ut little ammonium chloride. What is 
present is removed by boiling off the alcohol and adding platinic 
chloride solution, when, on evaporating tlie filtrate and adding alcohol, 
the pyridine platinichloride crystallises in smooth, ramifying, orange- 
red prisms, readily soluble in boiling, but very sparingly in cold, water. 

Estimation. 

A gravimetric method for the estimation of pyridine in aqueous 
solutions has been described by M. Francois {CompL Rend., 1903, 137, 
324; J . Pliarm. Chim., 1903, 18, 337). The solution, containing not 
less than o.i grm. of pyridine, is treated with 20-30 drops of hydro- 
chloric acid and an excess of auric cliloridc, in a small beaker ; a pre- 
cipitate is formed and the solution turns deep yellow. The liquid is 
evaporated to dryness on a water-bath and when all the hydrogen 
chloride is driven off, tlie beaker is placed in a desiccator for a sliort 
time. The dried residue is treated with pure dry ether, transferrcil to 
a filter and washed with ether until the filtrate runs away colourless, 
and finally transferred to a weighed crucible; any precipitate adhering 
to the sides of the beaker is dissolved in a little water and the solution 
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added to the weighed crucible; tlie water is carefully evaporated on a 
water-bath and the filter is tlicn incinerated and the ash added to the 
pyridine aurichloride. The substance is ignited and the residual gold 
weighed; 196.6 parts of gold correspond to 79 parts of pyridine. 
Results are quoted in the original which show that the method is 
accurate. 

In the absence of ammonia or other bases, free pyridine may be 
estimated by titration with standard acid and methyl orange (not 
litmus). K. E. Schulze {Ber.^ 1887, 20, 3391) recommends the fol- 
lowing method, based on the use of ferric chloride as an indicator: 
Normal sulphuric acid is added slowly and with constant agitation to 
20 c.c. of an approximately 5% solution of pyridine to which has been 
added previously i c.c. of a 5% aqueous solution of ferric chloride, 
till the precipitated ferric hydroxide is redissolvcd; toward the end of 
the action it is advisable to add the acid at the rate of i drop per 
minute, i c.c. of normal acid corresponds to 0.079 of pyridine. 

A volumetric method based on the absorption of bromine has been 
devised by A. Labat {Zcitsch. anal. Chem., 1907, 46, 60). The condi- 
tions described must be strictly okserved, since the quantity of bromine 
absorbed depends on the volume of the solution. An N j 20 solution 
of bromine in water is added from a burette to 10 c.c. of the solution 
of pyridine (containing 0.1-5% of pyridine) until an opalescence is 
produced which persists during 10 secs.; if « = no. of c.c. of bromine- 

lon 

water, then 100 c.c. of tlie solution contains — o. 50 grm. of pyridine. 

3b 

If more solution be employed for the titration, then for 
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Two methods for the estimation of pyridine in aqueous ammonia 
have been described. The first, devised by Pennock and Morton 
(J. Amer. Chem. Soc., 1902, 24, 385) is performed as follows: 100 c.c. 
of the sample are neutralised with sulphuric acid (1:5), using methyl- 
orange as an indicator, care being taken to keep the temperature below 
20°. The liquid is then distilled into a flask containing 30 c.c. of water 
until the total volume equals 100 c.c.; the distillate, which contains all 
the pyridine and a small quantity of ammonia, is cooled to 10°, phenolph- 
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thalein added and then a solution of mercuric chloride from a burette 
until the colour is discharged;.; more drops of the mercuric chloride 
solution are run in, whereby all the ammonia is carried down in the 
precipitate of NPIjIIgCl; the latter is filtered off and the filtrate titrated 
with N/10 acid and methyl-orange; i c.c.EI£o.oo79 grm. of pyridine. 

The second metliod, recommended by Milbaucr and Stanck {Zeilsch. 
anal. Client., 1904, 43, 215) is as follows: 100-200 c.c. of the sample 
are diluted with an equal volume of water and then added to dilute 
sulphuric acid containing a few drops of a solution of Patent Blue 
V. N. as indicator. The strongly acid liquid is evaporated nearly to 
dryness and mechanically shaken with a sufficient quantity of freshly 
prepared sodium hydrogen carbonate solution and an equal volume 
of ether for 10-15 minutes. The ethereal extract is withdrawn and 
the aqueous portion again treated with ether. The united ethereal 
extracts are filtered and thoroughly shaken with an excess of X/jo 
n,SOj after the addition of a few drops of Patent Blue. Sodium 
chloride is then added in excess and the liquid titrated back with X / 10 
NaOll solution. Under these conditions the end-point with the indi- 
cator is quite sharp. It is advisable to make a tliird extraction with 
ether and to titrate the extract as described above to ensure tliat no 
pyridine remains in the aqueous layer. 

Pyridine bases in ammonium salts are estimated by treating a neutral 
solution of about too grm. of the salt in 30 c.c. of water witli sodium 
hydrogen carbonate and ether as in the case of the ammonia solutions. 
If only very slight traces of pyridine are present, a larger quantity of 
the salt is extracted with hot alcohol, tlie alcoholic extract acidified 
and distilled, and the residue treated as just described. 

Results of experiments are recorded which show that the method is 
reliable. 

Commercial Pyridine. — Pyridine is employed in Germany, in 
conjunction with wood spirit and turpentine, for “denaturing” spirit. 
An article intended to be u.sed for this purpose is required to answer 
to the following official tests. 

(i) The colour must not be deeper than straw-yellow. (2) If 10 
c c. of a solution of i c.c. of the sample in 100 c.c. of water be shaken 
vigorously with 5 c.c. of a 5% solution of anhydrous, fuseef cadmium 
chloride, a distinct crystalline deposit should appear within 10 minutes. 
(3) 10 c.c. of the same solution of pyridine should give a white precipi- 
tate with 5 c.c. of Nessler’s reagent. (4) Wlien 100 c.c. of the sample 
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are distilled (in a small metal flask provided at the top with a small 
globe, which is connected with a Liebig’s condenser, a thermomi'UT 
being fitted to the globe, and a moderate heat applied) so that tlie 
distillate passes over in separate drops, 90% should have distilled 
over when the thermometer stands at 140^^ tlie barometric pressure 
being 760 mm. (5) When the sample is mixed with twice its 
volume of water it must wholly dissolve, and no oily drops must 
separate even after long standing. (6) Four drops of the samjile 
heated on platinum foil over a Bunsen flame should burn with 
a sooty flame and leave no residue. (7) When 20 c.c. of tlu; 
sample are shaken with an equal volume of a solution of sodium 
hydroxide of sp. gr. 1.4, a layer of anhydrous base, measuring at least 
18.5 C.C., should separate out on standing. 

The last test is now usually replaced by one prescribing the use of 
solid potassium hydroxide. 50 c.c. of the samf)le is placed in a grad- 
uated cylinder, furnished with a stopper, and a long stick of potassium 
hydroxide immersed in it. The alkali gradually al)sorbs the water from 
the pyridine, and forms a lower layer of .saturated solution. A second 
stick is added as soon as the first has sunk much below the surface of 
the pyridine, and is followed by a third if the second li(juefics completely 
or considerably. Agitation should be avoided, and care must bo 
taken that the last stick is left in contact with the upper layer of Imscs 
until the action is at an end. It is then cautiously removed with a 
bent wire, or broken down by a glass rod, and the volume of the layer 
of anhydrous bases carefully observed. By this test, commercial 
pyridine usually shows from 8 to 10% of water ( = 92 to 90', , of 
anhydrous ba.scs). 

Instead of estimating the water, K. E. Schul/.c recommends titra- 
tion of the bases with standard acid {loc. cit.). 

The following test is also employed: Af'-sulphuric acid solution is 
added to a solution of i c.c. of the sample in 10 c.c. of water until a 
drop placed on Congo Red paper produces a distinct blue Imundary 
which disappears almo.st immediately. Not lc.ss than 10 c.c. of the 
acid solution should be u.sed to bring about this result. To prepare 
the Congo Red paper, filter paper is saturated with a solution of i gmu 
of Congo Red in 1,000 c.c. of water and then dried. 

Commercial pyridine, as now produced, consists chiefly of pyridine 
and picoline. Ammonia is apt to be present in notable quantity, 
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also pyrrole and other strong smelling impurities.^ A considerable 
but variable proportion of water is present. 

Pyridine intended for pharmaceutical or medicinal use should not 
be altered by light; a 10';^ solution in water should not be reddened l3y 
plu'nolphthalein (presence of ammonia); and 5 c.c., to which 2 drops 
of iV/10 permanganate have been added, should retain a red colour for 
at least an hour. 


Piperidine. CbHuX. 


The relationship of pyridine to piperidine and piperazine- is shown 
by the following formuhe: 


XH.C'% 

Clif 

P yridim’. 


.Cll,.ClU 

CHof ^ *^x\H 

Piperidine. 


XHo.CTI.v 
Nl/ * * NH. 

Piperazine. 


It is prepared by the reduction of pyridine with sodium and alcohol 
or by the electrolysis of a solution of this base in dilute sulphuric acid. 
It is also obtained by rapidly heating pcntamcthylcnediamine: 


C,1Ijo(NHJ2.HCI-C,HiiN+NH,C1. 

Piperidine is likewise produced by the hydrolysis of piperine, the 
alkaloid of pepper, which when boiled with alkalis, yields pipcric 
add and piperidine, Ci7lIit)N03 + H20=C5lI,iN+ CinHioO^. 

According to W. Johnstone {Analyst, 1890, 14, 41) a small quantity 
of piperidine is obtained when pepper is distilled with water alone, 
probably owing to partial decomposition of the piperine by water or an 
enzyme. 

Piperidine is a colourless, limpid liquid, b. p. 106°, 0.8619, 

having a peculiar odour, resembling at the same time that of ammonia 
and pepper, and possessing a ver>’ caustic taste. It dissolves in all 
proportions of alcohol and water, the addition of water to piperidine 
being accompanied by the evolution of heat. 

Piperidine is a powerful base. Its aqueous solution restores the 

I The pyridine produced at certain works becomes turbid when diluted with more than 
40 /o of water, whereas the best makes arc miscible with water in all proportions. On dis- 
tilluig the former brands the disturbing impurity is left in the “tailings.” 

r-iperazine is a strong base which absorbs carbon dioxide from the air and forms large, 
rhombic leaflets, m. p. 104°, b. p. i4.S"i46“. Piperazine has neither caustic nor toxic 
properties, and passes through the system unchanged, but dissolves uric acid in large 
the neutral urate, C4HlnN?,C.^H^N«0!l. Piperazine phosphate forms four- 
5 'ned tabular crystal^ which character, and those of the bismutho-iodide, distinguish pipera- 
ine irom spermine, C4HgNi, which otherwise it closely resembles. 
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blue colour of reddened litmus paper, and behaves like ammonia with 
metallic solutions, except that the precipitates produced with salts of 
zinc and copper are not soluble in excess. Piperidine absorbs carbon 
dioxide from the air, and if the gas 1k' passed into a solution of calcium 
chloride, to which piperidine has been added, calcium carbonate is 
precipitated. 

Piperidine forms readily crystallisable salts, most of which are solu- 
ble; the hydrochloride, C.H,,X,llf'h forms needles m. p. 237°; tin; 
aiiri chloride, C.,lIi^X,HAu('l^, crystallises from alcohol in four sided 
leallets, sinters at 215^, m. p. 2iS-229° (decomp.) ; the platinichloridc, 
C5HjiX,ir,PtCl,;, forms long, orange needles, m. p. 198-200^^ (de- 
comp.); it cry.stallises from alcohol with iKt.OII in small, orange- 
yellow needles, m. p. 191*^ (decomp.). 

Piperidine may be distingiii.shed from pyridine by means of the 
following tests: 


Rcagt’iit Piperidint! Pyridiiu. 

Freshly prepared si.lu- ; Pale r<iso cnlnuralinn turnint; to Neither colouration nor jac- 
t.ion ul pallic .niil, det-p yellow. cii'itatc. 


Pyrogallol Yellow colouratii.n at once, gr.ad- ICile yellow colouration after 

urdly changing to brownisli some time, 
black. 


C.^techol : Violet colouration ch.-inging to No coliniration. 

pink and finally to yellow 


Quinol ^■e!low colouration changing to .No colouration 

deep brown. 


Piperidine is estimated by titration with standard acid, using citlier 
litmus or methyl orange as an indicator. 1 c.c. iV/io acid ^0.0085 
grm. piperidine. 


Homologues of Pyridine. 

The homologues of pyridine occur with that base in the products 
of the distillation of bones, coal, shale, etc. Various members of the 
class have been obtained synthetically. 

Picolines. Methylpyridines. or C5H<(CH3)N. 

Three isomeric modifications of picolinc exist, differing according 
to the orientation of the CH3 group in relation to the N. The picolinc 
of coal tar is chiefly the ortho-modification ( 1 12), often called a-picolinc 
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mixed with some meta- or ;?-picolmc (1:3). Although the former 
boils at 129° and the latter at 143°, they cannot be separated by frac- 
tional distillation, but may be isolated by taking advantage of the 
dilTerent so'ubilitics of their platiniehlorides {Bcr., 1879, 12, 200S). 
Lange {Bcr., 1885, 18, 3436) maintains that o'-picoline is preferably 
separated from bone-oil by means of its sparingly soluble mcrcuro- 
chloridc. /'-I’icoline (i :4) is produced by the clistillation of acrolem- 
ammonia, or by heating allyl tribromidc with ammonia, and l^y the 
action of pyridine on methyl iodide. Its presence has been recognised 
in coal tar. 

The picolines are metameric with aniline, CJIj.NIIo, which, how- 
ever, is a primary' amine, whereas the picolines have the charactcus 
of tertiary' bases. In their odour, solubility, basic properties, and 
characters of their salts, the picolines closely resemble their lower 
homologue pyridine, but have a lower density and higher b. p. than the 
latter substance. 

a-Picoline, a-methylpyridine, is an oil, b. p. 1297760 mm., D*'' 

4 

0.9 197; the aurichJoride forms small prism.s, m. p. about 183-184"^; the 
platin'uhloride forms orange-red crystals, m. p. 194° (decomp.); the 
picrate crystallises in needles, rn. p. 169-171°. 

/y-Picoline, 3-methylpyridine, is an oil, b. p. 143°, 0.9613; 

the aurichloridc forms yellow needles, m. p. 182-184°; tire purate 
crystallises from alcohol in glistening needles or leallets, m. p. 149-150°. 

/-Picoline, 4-methylpyridine, is an oil, b. p. 143°, o-957i; 

the aurichloride crystallises in lemon-yellow crystals, .sinters at about 
185°, m. ]). 201-203° (decomp.), Urc picratc forms glistening needles, 
sinters at 155°, m. p. 163°. 


Dimethylpyridines. C-IIgN. 

The following dimethylpyridines have been isolated from coal-tar oil, 
shale oil, etc. 

2 :4-Dimethylpyridineisanoil,b. p. 159-159.5°, 0.9380, soluble 

in 5 parts of cold water, less soluble in hot water; it is not turned red 
by hydrochloric acid or benzoyl chloride; ihe platinichloruie, (C;II„N,- 
HCl)2ptCl4, forms orangc-red prisms, m. p. 216° when slowly 
heated, 223° (decomp.) when heated quickly; the aurichloride^ 
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C^IIj^NjHAuCl^ has m. p. 94®; the purate forms slender, pale yellow 
needles, m. p. 179". 

3 :4-Dimethylpyridine has b. p. 163.5-164.5'^: the plalinichloridc 
(2H.d)) forms glistening crystals, m. p. 205'’ (dccomp.); the auri- 
cliloride, C7HyN,HCl,2AuCl3, forms slender, pale yellow needles, m, p. 
160-162°. 

2 : 6-Dimethylpyridine has b. p. 142.5°; the plathiiihloridc forms 
orange-red crystals, m. p. 210° (decomp.); the aurichloride ciy’stallises 
in pale yellow, matted needles, rn. p. 79-81°; when dried at 80°, m. p. 
122-123°; the picralc forms slender, pale yellow needles, m. p. 161°. 

2 :5-Dimethylpyridine has b. p. 154-155°; it is readily soluble in 
cold, less in warm, water; the platinichloride (2H0O) forms orange-red 
crystals, m. p. 192-194° (decomp.); the anhydrous salt has m. p. 238° 
(decomp.); the picrate ciy'stallises in yellow needles,. m. p. 156-157°. 

3 : 5-Dimethylpyridine has b. p. 169-170°; the plalinichloridc 
crystallises in dark red needles or haillets, m. p. 255-256° (decomp.); 
the aurichloride forms yellow needles, m. p. 149°. 

Ethylpyridines. CkHyX. 

2- Ethylpyridine occurs in coal-tar oil, it has b. p. 148.5° (corr.);the 
platinichloride forms orange-yellow plates, m. p. 165-167° (decomp.); 
the aurichloride forms glistening, yellow leallets, m. p. 121°. 

3- Ethylpyridine is obtained, together with the 4 isomeride, by 
heating brucine or cinchonine with potassium hydro.xide; it has b. p. 
162-165° and is soluble with difficulty in cold water; the platinichloride 
crystallises in glistening, yellowish- red plates, m. p. 196°; the auri- 
chloride forms dark yellow leallets, m. p. 130°; the picrate forms yellow 
needles, m. p. 128-130°. 

4- Ethylpyridine is an oil with an unpleasant odour, b. p. 164-166°; 
the platinichloride forms plates m. p. 213°; the aurichloride crystallises 
in prisms, m. p. 147-148°; the picrate has m. p. 168°. 

Collidines. C^H^iN. 

a-Collidine, 2-methyl-4-ethylpyridine, is an oil, b. p. 178°, 
0.853, salts of which arc amorphous and gummy; the platinichloride 
separates as an oil ; the addition of a solution of chromic acid gives a 
red oil. 
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j/?-Collidine, 4-methyl-3-ethylpyridine is an extremely poisonous 
oil, I). p. 195-196°; tlie platinicJiloride is an orange-red crystalline 
powder; the picrate has m. p. 148-150°. 

y-Collidine, 2:4: 6-trimethylpyridine, occurs in Scottish shale oil ; 
it is an oil, b. p. 171°, 0.917, which becomes brown when exposed 

to the air; the aurkhloride forms wholly needles, m. p. 112°; the picrate 
forms long, silky, yellow needles, m. p. 155-156°; the platinicJiloride 
forms orange-red crystals, m. p. 223-224° (decomp.). 

Pyridinecarboxylic Acids. 

Pyridine itself is an extremely slalde substance, resisting the strongest 
oxidising agents; but its homologues yield by o.xidation a scries of acids 
in which the alkyl groups are replaced by a corresponding number of 
carbo.xyl groups, d'he pyridinecarboxylic acids derive their, chief 
interest from the light they throw on the relationship of the natural 
vegetable alkaloids to the pyridine bases. Three isomeric pyridine- 
monocarbo.xylic acids, C-H^N.C'OOII,* are obtainable, exactly cor- 
res{)onding to the three isomeric modifications of picoline (methyl- 
pyridine). 'The same acids may also be obtained by the action of heat 
on the di- or tri-carbo.xylic acids, just as benzoic acid, CJIj.COOH, 
is obtained by the action of heat (and lime) on phthalic acid, 
(('0011)2. them (nicotinic acid) is also obtained by the 

oxidation of nicotine. 

Pyridine-monocarboxylic acids, C3H,,N.COOH,* unite in them- 
selves the ba.sic characters of pyridine with those of an acid. 
Thus they combine with hydrochloric acid, and the resulting 
compound forms double salts with mercuric chloride, platinic 
chloride, etc.; while, on the other hand, they form a series of well 
defined crystallisable salts. The following table exhibits their more 
important characters: 

' The tmscs from coal tar boiling between 130® and 140® are boiled in an apparatus 
lurnishcd with a reflux conden.ser with 10 limes their weight of potassium permanganate 
>n 3 1 / 2 % aqueous solution, until the permanganate is reduced. The manganese oxide is 
then filtered ofl, and the clear liquid concentrated to a small bulk. It is then neutralised 
and treated with copper acetate. The precipitate is separated, decomposed by hydrogen 
sulphide and tlie filtrate decolourised by animal charcoal. On further concentration and 
cooling it deposits colourless needles of picolinic acid. The filtrate from the copper pre- 
^'i)ntate is further evaporated, acidified with acetic acid, and treated at its b. y. 
with copper acetate. The resulting bluish-green precipitate is separated, boiled rapidly 
with water, and decomposed by hydrogen sulphide. On evaporation, the filtrate deposits 
colourless crusts of tro- nicotinic acid. 

Vol. VI.— 10 
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Picolinic or pyridinc- 
2 -carboxylic acid 

Nicotinic or pyridine- 
3-carboxyhc acid 

ISO- Nicotinic or pyri- 
dine-4-carboxylic acid 

Mode of formation.. 

Oxidation of a-pico- 
linc by permantja- 
nate. 

Oxidation of /?-pico- 
line by permanga- 
nate, or nicotine Ijy 
permanganate, chro- 
mic acid or nitric 
acid . 

Action of heat on pyri 
dine di- or tri-ear- 
boxylic acid. Oxida- 
tion of )'-picoline. 

Crystalllnccharactt-r! Prismatic neetllcs 

Needles 

Needles. 



2 J2° 



trous needles. 

plates without meh 
mg; m. p. in sealed 
tube 305° (291/ ) 

(310°) (it 7°). 

Solubility 

Easily soluble in cold 
nr hot water and in 
alcohol. Nearly in- 
soluble in ether, 
chloroform, benzene, 
etc. 

Sparingly soluble in 
cold, easily in warm 
water; sparingly in 
ether or chloroform. 

Sparingly soluble in 
water; very sparingly 
in ether and bcnzeiu . 

Reaction with neu- 
tral lead acetate. 

No chaiiBe 

No change. 


Reaction with atn- 
moniacal lead ace- 
tate. 

No chanfje 

White crystalline pre- 
cipitate. 


Reaction with 
cupric acetate. j 

Slowly deijosits shin- 
ing lamiruE and , 
needles of violet- , 
blue colour, and ! 
metallic lustre. Sol- j 
uble in hot water. | 

Pale blue-green pre- 
cipitate, insoluble in i 
a large quantity of i 
water. 

Green crystalline pre- 
cipitate on warming. 

Reaction with fer- 
rous sulphate. 

Pale reddish-yellow | 
colouration. | 

No change 

No change. 

Characters of hydro-' 
chloride — i 

CeHbO^N.HCl. 

1 

L.arge, lustrous, ortho- 
rhombic p r i s m s I 
which become rapid- , 
ly turbid on ex- i 
ixjsure to air. 1 

Monoclinic prisms, 
quite permanent in | 
the air. 1 

i 

Large glistening, 
monoclinic prisms. 

Aurichloridc 

M. p. 200 

M. p. 207 " 

M, p. 219''' 



On heating with lime, the above acids yield pyridine, just as benzoic 
acid yields benzene under similar conditions. The sodium salts of the 
a and fi acids, when treated in solution with sodium amalgam, give off 
ammonia, and yield the salt of an unsaturated acid of the fatty series, 
CeH^Os. 

Pyridinedicarboxylic Acids. C^HgNCCOOHjj.— Of the six 
possible acids of this formula, all are known. They are produced by 
the oxidation of homologues of pyridine containing two substituted 
hydrogen atoms, and also by the oxidation of other substances. 

Quinolinic acid, pyridine-2 : 3-dicarboxylic acid, obtained by 
the oxidation of coal-tar quinoline with permanganate, crystallises in 
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glistening, short, monoclinic prisms; it sinters and turns brown at 
190-195°, sometimes also melting at this temperature, but becomes 
again solid and then has m. p. 231®; the copper salt, (C^H^O^N),- 
Cu,H 20, forms microscopic, ultramarine-blue needles. The acid 
gives a reddish-yellow colouration with ferrous sulphate. 

Lutidinic acid, pyridine-2 : 4-dicarboxylic acid, prepared simi- 
larly from 2:4-dimetliylpyridine, cry.stallises in leaflets and plates, 
m. p. 239-240°; it is moderately soluble in cold, very soluble in hot 
water, insoluble in benzene and ether, and gives an intense blood-red 
colouration with ferrous sulphate; the salt, C;H30^NCu,3H20, 

is obtained as an insoluble, pale bluish-green, cr>'stalline precipitate; 
the precipitate from a boiling solution is anhydrous. 

iso-Cinchomeronic acid, pyridine-2 : 5-dicarboxylic acid, cry s- 
tallises from hot water with iH ,0 in microscopic leaflets and from 
cold water with i ij illfi in ciy^stals, m. p. 236°; it gives a reddish- 
yellow colouration with ferrous sulphate; the copper salt, C^HgO^NCu,- 
ILO, is precipitated from hot solutions as a pale-blue, ciy'stalline 
powder. 

Dipicolinic acid, pyridine-2 :6-dicarboxylic acid, crystallises 
from cold water with i 1/2H2O in long, slender, silky needles, m. p. 
226° (dccomp.); it gives a reddish-yellow colouration with ferrous 
sulphate; the copper salt, C,H30^NCu,2ll20, forms dark blue prisms. 

Cinchomeronic acid, pyridine-3 : 4-dicarboxylic acid, is obtained 
by the oxidation of quinine, cinchonine, etc., by nitric acid and by the 
oxidation of /5^J-(}uinoline with potassium permanganate; it ciy'stallises 
in granules from water and in prisms from aciditied solutions, m. p. 
258-259° (dccomp.); the copper salt, CJII3NCU, 3 1/2H2O, is a dark 
blue, ciy'stallinc precipitate whicli loses 3II2O at 100°. 

Dinicotinic acid, pyridine-3 : 5-dicarboxylic acid, has m. p. 
323° (decomp.); it is almost insoluble in water. 

Pyridinetricarboxylic acids, (€0311)3, are obtained by 

the oxidation of certain alkaloids. Thus cinchonine, cinchonidine, 
quinine and quinidine, when oxidised by an alkaline solution of potas- 
sium permanganate, yield a-carhocinchomeronk or pyridme-2:y.j^- 
Incarboxylic acid, which crystallises with i 1/2H2O in transparent, 
rhombic plates, loses its water of crystallisation at 115-120° and then 
^as m. p. 249-250° (decomp.), when heated rapidly; it yields cincho- 
meronic acid when heated at 170° and gives a pale-red colouration with 
ferrous sulphate. Berberine, when oxidised by nitric acid, yields 
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hcrhcronic or pyridinc ^-.^-.ytricarhoxyHc acid, wliich crystallises with 
2lL,0 in triclinic prisms, loses 1 1 [._,() when ex|)ose(l to the air, turns 
red at 215"^ and has m. p. 235°; it yields with ferrous sulphate a blood- 
red colouration and with lead acetate an insoluble precipitate. 

ni:Cl[ 

Pyrrole. NIL 

(ILCll 

This associate of tlie pyridine bases in coal tar and bone oil is widely 
distributed in nature, since clilorophyll, the ^rt'en pijjjment of jdants, 
and hauno^iloliin, the pi^^nnent of blood, are derivatives of pyrrole. It 
is best prej)ared lyv .slnikiiyu bone oil with dilute sul|)huric acid and 
fractionating the insoluble j)ortion. d he [)orlion, 1). j). (yS is 

heated with pota.ssium hydro.xide solution so louLt ammonia is 
evolved and then steam distilled; the portion of the distillat(‘, b. j). 
115 -130 ’, is heated with an e.xcess of solid potas>ium Indroxide until 
two layers form; it is then allowed to cool, the oil jniured off and the 
potassium pyrrole, (.',]1,NK, washed with ether and decomposed by 
water; the liberated pyrrole is separated by steam distillation and 
fractionated. 

Pyrrole is a colourless liquid, b. p. 130-131*^, 1 )** 0. 06691, with a 
pungent taste, and odour resembling chloroform. It is but littli; 
soluble in water, and in.soluble in alkali(‘s, but dissolves in dilute acids 
alcohol, and etlier. It is imlilTerent to most n-agents, l)Ut a|)pears to 
possess feebly-marked basic properties, d'he only definite .salt is tin* 
picrale, which forms unstable red needles melting at 71". 

Pyrrole turns brown in the air, and when warmed with acid forms 
a red substance known as pyrrole red. A piece of j)ine-wood, moistened 
with hydnnhloric acid and c.xposed to the vapour of pyrrole becomes 
faintly red, and after some time, carmine-red. 

When 5 grm. of pyrrole are added to a solution of 10 grm. of isatin in 
5,500 c.c. of water and 50 grm. of suljdiuric acid at 5'\ an indigo blue 
substance, pyrrole blur. A, (\^, 1 I,„().,N\, is obtained, which dissolves 
in concentrated sulphuric acid to a violet solution changing to blui.sh 
black. A similar compound, /L r obtained 

by adding a solution of 0.75 grm. of pyrrole in ro c.c. of glacial acetic 
acid to a mi.xture of 100 c.c. of a i[/' solution of isatin in glacial acetic 
acid anfi 40 c.c. of 15^ ^, .sulj)huric acid cooled to o'^, and diluting the 
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mixture after 5 minutes with 10 c.c. of ice-water; the dried precipitate, 
after boiling 2 or 3 times with pyridine, is obtained as a glistening, 
blue powder resemlding cantharidine; it dissolv'cs in boiling glacial 
acetic acid to a blue solution and in concentrated sulphuric acid to a 
violet-rc‘d solution which changes to blue and on the addition of water 
deposits a disulphonic acid. 

Small quantities of pyrrole may be detected by boiling a short time 
with 2 c.c. of a solution of alloxan; if pyrrole is present, a violet-blue 
colouration is produced which becomes red when the solution is cooled 
Avith cold water and on the addition of acpieous sodium hydroxide 
turns green changing rapidly to an intense blue. 

A 4',^, solution of formaldehyde containing a few drops of sulphuric 
acid, when treated with pyrrole in the cold, yields in a few minutes a 
white substance which decomposes without melting when heated, is 
insoluble m all organic solvents and turns red when exposed to tlie 
air. 

If a solution of phenanthracjuinone in acetic acid be treated with 
pyrrole and a little dilute sulphuric acid, a brown precipitate is formed, 
which dissolves in chloroform with a beautiful violet-red colour. 
’When an acpieous solution of l)enzoquinone is treated Avith pyrrole 
and dilute sulphuric acid, a dark green precipitate is formed, insoluble 
in ether, d'hese reactions indicate the close relationship between 
pyrrole and thiophen, Avhich itself has the constitution of a thiofuran. 
Many of the reactions of ])yrr()le are also produced by carbazole, 
which is an imino-dij)henyl. Indole has a constitution between 
pyrrole and carbazole. 'riius: 
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Methylpyrroles. 


Two isomeric methylpyrroles exist in bone-oil. To isolate these, 
Ibe fraction of bone oil, b. p. 140-150°, is converted into the potassium 
derivative and tliis is heated at 200° in a current of carbon dioxide. 
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Two isomeric homopyrrolecarboxylic adds arc formed. The a-acid 
forms leaflets, m. p. 169.5° ^ salt very soluble in water, 

while the ^9-acid forms cr}-stalline crusts, m. p. 142.4° and a nearly 
insoluble lead salt. On distilling the respective acids with lime the 
corresponding homopyrroles arc regenerated, d'he n-compound, 
2-mcthylpyrrole^ is a liquid, b. p. 147-148°/ 750 mm., while the iso- 
meride, ymethylpyrrole, is a liquid, b. p. i42-i43°/742.7 mm. 

2 : 5-Dimethylpyrrole also occurs in bone oil; it is a li((uid, b. p. 
169°, with a sharp, unpleasant odour, gives a cherry-red colouration 
with a pine-shaving moistened with hydrochloric acid, and a brownish- 
red colouration with ferric chloride. 

Tetraiodopyrrole, has been introduced into medicine 

under the name of iodol” It is prepared by the action of a solu- 
tion of iodine in potassium iodide on a solution of pyrrole containing 
potassium hydro.xidc, and forms a tasteless, pale yellow, crystalline 
powder, having a faint, thymol-like odour. lodol decomposes with- 
out melting at 140-150°, is soluble in 5,000 j)arts of water, moderately 
soluble in light petroleum and dilute acids, readily soluble in ether and 
hot alcohol. lodol is not decomposed by boiling water, but is turned 
black by hydrochloric acid; an alcoholic solution does not give a pre- 
cipitate with mercuric chloride. 

An additive compound, CJ4Nn,CioII,„0, is formed by warming 
cincol (eucalyptol) with iodol; it forms yellowi.sh-green crystals, m. p. 
112° (decomp.). 

lodol contains 90% of iodine and possesses antiseptic and local 
anesthetic properties analogous to’ those of iodoform, over which its 
slight odour and freedom from toxic properties give it the preference, 
lodol can be recognized by the green colour of its solution in sulphuric 
acid, changing to dirty violet and by the bright red colour produced 
when an alcoholic solution is warmed with nitric acid. 

A compound of iodol with egg albumin has been introduced recently 
into medicine for internal administration; it is an odourle.ss, tasteless, 
pale yellow powder, insoluble in the ordinary solvents, and soluble 
only in dilute alkalies. 


Quinoline and its Allies. 

The interesting base which gives its name to the quinoline serie.s 
bears the same relation to naphthalene that pyridine bears to benzene ; 
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that is, it is derived by the substitution of an atom of nitrogen for one of 
the Cn groups of naphthalene: 

Benzene, Pyridine, C^H^N 

Naphthalene, Ci„H„ I Quinoline, CJQN 

Just as two isomeric naphthols exist, so two isomeric quinolines are 
possible and have been obtained. Quinoline (I) is obtained with its 
homologues by distilling quinine, cinchonine and other alkaloids with 
lime or potassium hydroxide; it also exists, together with fj^^-quinoline 
(II) in coal-tar. 


/■«\ /V. 
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II. 

i 1 
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Quinoline, Chinoline, Leucoline. Cgll^N. 

This base is generally prepared by Skraup’s method, which consists 
in shaking together aniline (76 pts.), glycerol (240 pts.), sulphuric acid 
(200 pts.), and nitroi)enzene { 4 ^ pts.) or arsenic acid (114 pts.). 
When the aniline sulphate has dissolved, a reflux condenser is lilted 
to the flask, which is heated at 130° until action commences when the 
flame is removed. When the action is at an end (3 hours), tlie product 
is cautiously diluted with water, boiled to get rid of traces of nitro- 
benzene, then rendered alkaline and the quinoline and aniline distilled 
in a current of steam. The oil obtained is separated from the aqueous 
layer, dehydrated over potassium hydroxide, and fractionally distilled, 
whereby a separation of the bases is elTected tolerably readily, aniline 
boiling at 184°, and quinoline at 239°. To purify the latter it is again 
fractionally distilled, and boiled with weak chromic acid mixture (to 
oxidise any aniline) ; or the quinoline is dissolved in six parts of water, 
and strong sulphuric acid added in tlie exact quantity nccessar}' to 
combine with the base. After cooling, the liquid is filtered, and tlie 
insoluble hydrogen sulphate washed with alcohol till snow-wliite, and 
then decomposed by potassium hydroxide. 

If arsenic acid be used instead of nitrobenzene, after the steam 
distillation the distillate is treated with excess of hydrochloric acid and 
flien with sodium nitrite, warmed, saturated with sodium hydroxide 
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and again steam distilled. The distillate is then extracted with etJur, 
(Knuppel, D. R. P. i 49 /^)- 

Quinoline is a colourless, mobile lupiid, m. /). b. p. 

mm. (Skraup), 240-241°! mm, (Kretsky), 2jH°/ '; 6 o mm. (Kahl- 
baum), D° J.J081, 1.0942, having a penetrating and peculia 

O 20 

taste and an after-taste slightly resembling peppermint oil. It has a 
faint aromatic odour, like that of bitter-almond oil. (Jiiinolinc evapo- 
rates completely, but slowly, at tlie ordinary temperature, so that the 
grease spot formed by it on paper is not permanent. It resinilies on 
exposure to air and when left standing over water forms a mixture 
having tlie composition C^IIjN, i i/2lUO, which becomes turbid at 
blood temperature. Quinoline containing traces of water boils at 
227-228°. 

Quinoline is very sparingly soluble in cold water, but more freely so 
in hot. It is miscible in all proportions with alcohol, ether, carbon 
disulphide, and ti.xed and volatile oils; and is also easily soluble in 
chloroform, amyl alcohol, benzene ami light petroleum. 

Quinoline has well-marked basic characters, and forms an extensive 
series of salts, mo.st of which are crystallisable and deliquescent. It 
precipitates ferric and aluminium solutions, and at a high temperature 
decomposes ammonium salts. 

Salts : the hydrochloride, C\H;N,nCl, forms small aggregates of 
hygroscopic cry stals, m. p. 93-94°; the platinichloridc, C„II-X,H2Pt('l,,, 
crystallises from hot dilute hydrochloric acid wdlh 211,0 in yellow 
needles, m. p. 225°, and from hot water with ilrQO in small yellow 
needles, m. p. 218^; the pic rate forms bright yellow needles, m. p. 205"; 
the tartrate, 3Cj,IQX,4C,II„0,j, forms large, Hat, rhombic needles, 
m. p. 125° (decomp.), and is readily soluble in water and hot alcohol ; 
it is used as an antipyretic and antiseptic, being specially useful in the 
case of intermittent fevers; the salicylate, C^H-NjC^IIgOg, is a greyish- 
white powder soluble in water, alcohol and ether; it is employed as an 
anti.scplic and antineuralgic; the thiocyanate, CyIl7N,HCNS,xII,0, 
is used for certain venereal diseases, but finds greater application in 
the form of the bismuth double salt, (C„IQN,IICNS),,Bi(SCN),, 
under the name of a reddi.sh-ycllow powder insoluble in 

alcohol, ether and water; it is usuall}^ taken in the form of tablets con- 
taining 50% of starch. 

Quinoline forms additive compounds with many organic substances 
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7'hus, an ethereal solution of the base and iodoform, when kept a few 
hours, deposits the addilive prodKcl, in the form of 

hir^c needles, m. p. 65^, insoluble in water, acids and alkalies, soluble 
in benzene and lii'ht petroleum; it is used as an antiseptic and anti- 
pyretic. The additive product with iso-amyl iodide, CgH^N,C^H^jI, 
forms yellowish-green crystals, ni.p. 184 -185^^; if the quinoline employed 
contains lepidine (as is the case with (juinoline made from cinchonine) 
the additive product, when dissolved in aqueous potassium hydroxide, 
gives a beautiful, but not very permanent, blue colour owing to the 
formation of Quinoline-blue, 1/2H2O. The latter sub- 

stance cr^'stallises in green needles with a metallic reflex, m. p. 100°, 
when heated quickly, and dissolves in alcohol to a beautiful blue solu- 
tion. Both quinaldine and lepidine give this reaction. 

Quinoline (2 mols.) heated with resorcinol (i mol.) at 100® yields a 
substance which cr)’stalliscs in silver)' plates, m. p. 102°, and is readily 
soIul)le in alcohol, ether and chloroform, but insoluble in light petro- 
leum; it is used as an antiseptic and antipyretic. 

Reaction of Quinoline and its Salts. 

Quinoline salts in aqueous solution arc precipitated milky white by 
alkali hydroxides and ammonia, the precipitate being somewhat soluble 
in excess. From tlie alkaline liquid, the quinoline can be readily 
extracted by ether, chloroform, or petroleum spirit. 

Iodised iodide of potassium gives a reddish-brown precipitate even 
in dilute .solutions of quinoline salts (i in 25,000). Potassio-mercuric 
iodide only precipitates quinoline from tolerably strong solutions (1 in 
3,000), the precipitate being yellowish- white and amorphous, but con- 
verted into delicate amber-yellow needles on addition of hydrochloric 
acid. This reaction is characteristic. Phdsphomolybdic acid, in 
presence of nitric acid, produces a yellowish-white precipitate in 
quinoline solutions. 

Potassium fcrrocyanidc colours solutions of quinoline salts greenish, 
and on addition of hydrochloric acid a reddish-yellow amorphous 
precipitate is thrown down, if the liquid be not too dilute. 

Quinoline is precipitated by picric acid, but not by tannic acid or 
ferric chloride; and its salts, in the solid state, yield no colour reactions 
with nitric acid or strong sulphuric acid, either alone or in association 
with oxidising agents. 
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A solution of a quinoline salt, when treated with a solution of potas- 
sium dichromate, yields a yellow, crystalline precipitate of the dichro- 
inate, C9H7N,H2Cr207, which ciy'stallises from water in glistening 
needles, m. p. 164-167°. 

Quinoline possesses powerful antiseptic properties; 0.2% of the 
tartrate is said to completely prevent the lactic fermentation of milk, 
the decomposition of urine and gelatin, and the development of bac- 
teria in cultivation fluid. Even in concentrated solution it does not 
coagulate albumin, and in tlie proportion of 1% it completely destroys 
the coagulability of the blood. On the oilier hand, (luinoline is 
remarkably inactive to yeast-cells, and does not affect alcoholic 
fermentation, even when present in considerable quantity. 

Quinoline has been used in medicine as an antipyretic, the 
adult dose of the tartrate being from 7 to 12 gr. It is said by 
some not to produce any unpleasant after-effects, but by others 
to cause irritation of the stomach and collapse. It is not found in the 
urine of those who have taken it internally. 

An aqueous solution of quinoline is used as a gargle for diphtheria 
and dysenter}’. 

Commercial quinoline is often very impure and quite unfit for 
medicinal use. C. Ekin {Pharm. Jmir.y 1882 [///], 12, 661) has de- 
scribed a specimen which had a deep brown colour and an odour like 
oil of bitter almonds. On treating it with hydrochloric acid a large 
proportion remained insoluble, and was evidently unconverted nitro- 
benzene, while the soluble part gave the reactions of aniline. 

Pure quinoline should be colourless or only faintly yellow, and have 
the correct b. p. If mixed with 40-50 times its own weight of water, 
it should give a filtrate which is not coloured violet by a solution of 
bleaching powder. 

The salts of quinoline should be completely soluble in water, and the 
free base in a slight excess of hydrochloric acid. The neutral solu- 
tion should be free from bitter taste (which indicates the presence of 
impurity derived from cinchonine), and should not give a coloured 
precipitate with alkali hydroxides. 

Estimation of Quinoline. 

Quinoline can be titrated fairly accurately with standard acid, if 
methyl-orange be employed as an indicator. 
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CH2.CH2 

Tetrahydroquinoline. I 

When quinoline is acted on by nascent hydrogen, it is first converted 
into dihydroqninoline, CqIIoN, a solid substance, m. p. 161°, and sub- 
sequently into tetrahydroquinoline, nMqmd, b. p. 251°, the hydrochloride 
of which, ("uHiiNjHCl, forms prisms, m. p. 180-181°, while the pla- 
tinichloride forms reddish-yellow crystals, m. p. 200°. Both these 
reduction-products yield nitrosamincs, and can be alkylated, and hence 
are secondary bases. Tetrahydroquinoline possesses stronger anti- 
pyretic characters than quinoline itself, and this property is exhibited 
still more strongly in certain of its derivatives, several of which have 
received some application in medicine (see below). 

Alkylquinolines. 

A large number of the higher homologucs of quinoline are produced 
on distilling alkaloids- with potassium hydroxide while many have been 
isolated from coal tar and shale oils. 

From the acid tar produced in the purification of shale oil, Robinson 
and (loodwin {Trans. Roy. Soc. Edin., 1879, 28, 561; 1880, 29, 265) 
obtained the following bases of the quinoline series. 


Hasc j Formula j B. p. 

Tflnicoline Ci-lIisN 290-295 

Pontacolinc Ci.iHi.-.N' 305-310 

Hexacoline ChUuN 3 2 S -330 

Hcptacoline CioUn.N .345-350 

(Jctacoline , CijlUiN 360-3(15 


Quinaldine, 2-methylquinoline, CJi^MeN, sometimes forms 25% 
of coal-tar quinoline; it is a colourless liquid with a faint quinoline- 
like odour, b. p. 244-245°/ 750 mm., the salts of which are mostly solu- 
l)lc in water; the dichromate, (Cn,IT„N)2,H2Cr20p forms yellowish- 
red needles, soluble with difficulty in cold, readily soluble in hot, water. 
When heated with phthalic anhydride and zinc chloride, quinaldine 
gives rise to a beautiful yellow dye, quinophthalone, CoH4(CO)2:CH.- 
NCgllj, m. p. 235°. The sodium salt of the sulphonic acid of the 
latter substance is the Quinoline Yellow of commerce. 
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Ouinaklinc has been used as an antipyretic and antiseptic, but has a 
much weaker effect than quinoline. 

Lepidine, 4-methylquinoline, is obtained togetlier with quinoline 
when cinchonine is distilled with potassium hydroxide. It is a licjuid 
with an odour like quinoline, b. p. 261-263°, D 1.0862, and solidifies 
to a crystalline mass at 0°. It is readily soluble in water and miscible 
with alcohol, benzene, ether, and light petroleum in all proportions. 
It closely resembles quinoline in its antipyretic and antiseptic 
properties. 

8-Hydroxyquinoline, OH.C„II,jN, is of importance since many 
antipyretics and antiseptics are derived from it (see below). It is 
obtained by fusing quinoline-8-sulphonic acid with sodium hydroxide, 
also by Skraup’s reaction from 2-aminophenol, 2-nitrophenol, glyc- 
erol and sulphuric acid. 

8-Hydroxyquinoline crystallises in long, glistening prisms, having 
a saffron-like odour, m. p. 75-76°, b. p. 266.6°(corr.) '752 mm.; it is 
volatile in steam, .sublimes slowly at the onlinary’ temperature, is 
soluble with difllculty in ether and cold water, but readily soluble in 
alcohol, benzene, chloroform and dilute sodium hydroxide. The 
solutions in acids and alkalies are yellow; tlie colourless alcoholic solu- 
tion becomes yellow on the addition of water. An aqueous solution 
gives with ferric chloride an intense green colouration and with ferrous 
sulphate a red colouration followed by a black precipitate. 

.\n alcoholic solution of 8-hydro.xy(iuin()line, when treated with 
copper acetate, yields a greenish-yellow crystalline precipitate of the 
copper (CyII„OX)2Cu. The picrale, C„ll7()X,C,jll2(N02)301I, 
forms yellow prisms, m. p. 203-204°; it is difficultly soluble in cold 
alcohol and almost imsolublc in benzene. 

Carbostyril, 2-hydroxyquinoline, C„IIfl(OII)i\, is used in medi- 
cine and in large doses has a .similar action to curare. It is obtained 
by the reduction of ( 7 -nitrocinnamic acid and crystallises with 1II2O 
from a hot 1% aqueous solution in long, feathery crystals and from 
alcohol in large prisms, m. p. 199-200°. It dis.solves in aqueous alkalies 
forming salts which are decomposed by carbon dioxide. 

Antipyretics and Antiseptics Derived from Quinoline. 

A considerable number of .substances related to quinoline, and 
mostly allied to tetrahydroquinolinc, have been introduced from 
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lime to time as antiseptics, antipyretics and febrifuges. Some of these 
are very powerful in their action and appear likely to receive a perma- 
lu'nt place in medicine; but tliey are not periodics, and cannot be sub- 
stituted for (luinine in cases of ague or intermittent fevers. I'he follow- 
ing are some of the most important of the antipyretics and antiseptics 
derived from or related to quinoline. 

M-Kairoline is the hydrogen sultdiatc of i-methyltetrahydroquino- 
C’lK.C'II., 

line, I , obtained by acting on tetrahydroquinolinc 

"'NMe.CIf., 

with methyl iodidi*; the free base has b. p. 245*^. 

A-Kairoline has a similar constitution but contains an ethyl 
instead of a metln l group. 

M-Kairine is the hydrochloride of 8-hydro.\y-i-methyltetrahydro- 

(juinoline. Oil | . The corresponding eUiyl com- 

XMe.CII, 

[)0und is known as A-Kairinc. On adding an alkali hydroxide to the 
aqueous solution of a kairine, the penetrating characteristic odour and 
hitter taste of the free base are easily recogni.sed, while the alkaline 
solution ra[)idly becomes coloured and deposits a brown humusdike 
substance. When the aqueous or alcoholic .solution of a kairine is 
treated with an oxidising agent, such as potassium dichromate and an 
acid, it gives a series of colours ranging from violet-blue to purple, or 
sometimes greenish. Without the addition of an acid, the solution 
becomes dark purple, and on standing a violet precipitate is formed, 
which dissolves in alcohol with black colour. A drop of ferric cWoridc, 
added to a dilute and neutral solution of kairine, instantly produces 
a violet colouration, rapidly changing to l)rown, with precipitation. An 
excess of ferric chloride added to a strong solution of kairine produces 
a nearly black precipitate. Sodium nitrite and dilute sulphuric acid 
produce an orange or red colour in kairine solutions. Potassium 
ferrocyanide gives a voluminous precipitate, and phosphotungstic 
acid a pale yellow precipitate. 

The kairines act as powerful antipyretics. Their use is almost 
obsolete, as their action is somewhat uncertain; and they are said to be 
liable to produce vomiting, cyanosis, and collapse. 

Thalline is the commercial name of another antipyretic having the 
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cih.cn, 

constitution of 6-methoxytetrahy(lroquinoline, OMeX'^IIa'^ | 

Thalline is prepared by heating />-aminoanisole and />-nitroanisole 
with glycerol and sulphuric acid and reducing die product with nascent 
hydrogen. Ihe free base ciy^stallises in large, colourless prisms, 
m. p. 42°, b. p. 283^, possesses a bitter, saline and pungent taste, and is 
sparingly soluble in water, but readily soluble in alcohol, benzene, 
choloroform or ether. 

Thalline sulphate, (C,JI,3ON),„H,S0,„2lLO, is tlie most com- 
mon variety of commercial thalline. It cr>’stalli.ses from alcohol in 
long, colourless needles having an aromatic, bitter, saline taste and a 
faint odour resembling coumarin. It dissolves in 7 parts of cold water 
and 100 parts of ()o[ ( alcohol; the solutions give an acid indication and 
become brown on exposure to light. A very dilute aqueous solulion 
of commercial thalline gives with ferric chloride a yellow colouration, 
changing to emerald-green (destroyed by reducing agents) and pass- 
ing in a few hours to deep red. The reaction is extremely delicate. A 
green colour is also produced by auric chloride, silver nitrate, mer- 
curic nitrate, chlorine water, etc., and, in acid solution, also' by a 
solution of bleaching powder and potassium ferricyanide. Strong 
sulphuric acid dissolves thalline sulphate wiUiout colouration, but on 
addition of nitric acid the liquid becomes deep red, and immediately 
afterward yellow-red. Fuming nitric acid colours a dilute aqueous 
solution red. Sulphuric acid and sugar give a red colouration. Io- 
dine colours the solution dark brown, then ding}' green. Ammonia 
forms a white precipitate of the free base, readily taken up by cUier 
on agitation. If not too dilute, solutions of thalline sulphate yield 
precipitates with the general reagents for alkaloids. 

If to an aqueous solution of ;Xnaphthaquinone a small quantity 
of the solution of a thalline salt be added, and Uien a drop or two of 
sodium hydroxide solution, a fine cherry-red colouration is produced, 
becoming more brilliant on adding nitric acid. The colouring matter 
is extracted by ether or chloroform. 

Thalline tartrate occurs in commerce as a faintly yellow crystalline 
powder. It dissolves in 10 parts of cold water, and the solution gives 
the same reactions as the sulphate. In alcohol it is very sparingly 
soluble. The salt contains 52.2% of thalline. 

1 he salts of thalline become altered by exposure to light. 
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Thalline salts are powerfully antipyretic, and have been employed 
in yellow fever. They cause profuse perspiration, and are apt to 
produce depression, etc. Hence their internal use is practically 
obsolete. Thalline acts as a direct blood-poison, its antithermic 
properties being due to the de.struction of the red corpuscles. It has 
found considerable application in the treatment of gonorrha'a. The 
sulphate is official in the German P/iarmaeopa-ia of 1890. 

Exhibition of thalline causes a dark colouration of- the urine. A 
derivative, which also gives a green colour with ferric chloride, but 
differs from thalline in being extracted by agitating the acidilied urine 
witli light petroleum, should first be removed, and tlien tlie unaltered 
portion of the thalline can be isolated by rendering the urine alkaline 
witli ammonia, and agitating witli etlier or benzene. Very small 
quantities of thalline can in this way be recognised in urine. 

An additive product of thalline (or its sulphate) and iodine has been 
introduced for the treatment of carcinoma. 

Thermifugin, another antipyretic, is sodium hydroxy-i-mcthyl- 


telrahydroquinolinecarbo.xylate, C02Na.C^,I^2 ( 011 )/^ It 

XxMe.ClL 

forms colourless crystals which dissolve readily in water; the solu- 
tions become brown when kept. 

Analgen, 5-acetylamino-8-etho.xyquinoline, 
(:iL:C(NK\c).C.CH:CH 

I II I 

CH:C(OKt).-C-N:CII, 


forms colourless crystals, m. p. 155°; it is readily soluble in alcohol, 
sparingly soluble in water {7 in 1,000) ; an acidified aqueous solution is 
yellowish-red. 


The corresponding benzoyl compound, NHBz.C(,H5(0Et)N, is 
known as benzanalgen, quinalgen and labordin; it is a white, tasteless, 
crystalline powder, m. p. 208°, readily soluble in very dilute acids; 
tile solutions are coloured. 

The analgens find application in the treatment of lumbago, rheuma- 
tism and neuralgia. 

Loretin is the name given to 7-iodo-8-hydro.xyquinoline-5-sulphonic 


acid, 


CHiCCSOgH) 

I 

CI=C(OII) 


)>c,n, 


,N, 



l 60 NAPHTHYLAMINES, PYRIDINE, QUINOLINE, ACRIDINE BASES. 


an odourless, tasteless, reddish-yellow, crystalline powder, which turns 
brown at 200° and liberates iodine at 260°. It is readily soluble in 
alcohol, ether and water and dissolves without decomposing in hot 
concentrated sulphuric acid. The sodium salt is compressed into 
tablets, which dissolve in 1 1 parts of hot water to a yellow solution, and 
is used in this form for making disinfecting baths. 

A 5-10% solution of loretin in collodion is employed for coating 
wounds. 

A nonrpoisonous compound of loretin with iodoform has been intro- 
duced for the treatment of wounds. 

A mi.xture of the sodium salt of loretin (10 pts.) with bismuth nitrate 
(4 pts.), occurring as an insoluble, yellow powder, finds application as 
an antiseptic and astringent. 

Griserin is a mixture of 20% of sodium hydrogen carbonate and an 
iodohydro.xyquiholinesulphonic acid; it dissolves in water, but is 
insoluble in alcohol, ether and chloroform. It is employed as an anti- 
septic in the treatment of tuberculosis and other infectious diseases. 

Quinosol is the double sulphate of potassium and 8-hydroxy- 
quinoline, (0H.CaHeN)2>H2S0^,K2S04. It is a crystalline, sulphur- 
yellow powder which dissolves readily in water. Ferric chloride gives 
an intense dark-green colouration. Quinosol is employed in gyne- 
cological operations. 

Argentol is the silver salt of a hydroxyquinolinesulphonic acid, 
OH.CJljN.SOgAg. It is employed in the form of an ointment with 
vaseline or lanoline for the treatment of ulcers, wounds and various 
skin diseases. 

Diaptherin is a compound formed by the union of 2 mols. of 
8-hydroxyquinoline with i mol. of o-phenolsulphonic acid, OH.- 
C8H4.SO,H,2 CjH<,N.OH. It forms transparent, yellow crystals, 
m. p. 85°, is soluble with difficulty in absolute alcohol and moderately 
soluble in water. P'crric chloride produces a bluish-green colouration 
which becomes yellow on the addition of hydrochloric acid. Diap- 
therin is non -poisonous; it is used as an antiseptic and for the treatment 
of rheumatism. 


Quinazolines. 

The quinazolines may be regarded as derivatives of quinoline 
formed by the replacement of the 3CH group by N. 
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A substituted 
quinuzoline, 


dihydroquinazoline, namely 


CoH, 


/N = CH 
< I 
^CH^.NPh, 


3-phenyl-3 :4-diliydro- 


has acquired some practical interest as the base of **orexin” a prepara- 
tion said to have valuable tonic, stomachic and appetising properties 
on which, however, some doubt has been tlirown (Pharm. 1890 
|//i], 20, 709, 825, 977; 21, 43). The usual dose of orexin is from 2 
to 10 gr. 

Orexin, which occurs as a hydrochloride having the composition 
C\4Hi2N2,HCl,2ll20, is prepared by acting on the sodium deriva- 
tive of formanilidc with o-nilrobenzyl chloride, and reducing the 
e-nitro-benzylformanilide thus obtained with tin and hydrochloric 
acid. 

Ore.xin (hydrochloride) crj'stallises with 2H2O in white needles, 
in. p. 80°. When kept in a desiccator for some time tliey become 
anhydrous, and then melt at 22 Orexin has a bitter taste, and 
somewhat intense, burning after-taste. The powder induces violent 
sneezing. Orexin dissolves readily in water (13 pts.) and alcohol, but 
not in ether. On adding an alkali to the aqueous solution the free base 
is separated as an oil which becomes crystalline when kept, or as a 
white llocculent precipitate readily soluble in ether and cliloroform. 
A solution of orexin yields with mercuric chloride a white precipitate 
soluble in hot water, and redeposited in white needles on cooling. 
Potassium dichromate gives a yellow precipitate soluble on heating, 
and redeposited on cooling in golden-yellow needles. Bromine-water is 
decolourised with formation of a yellowish amorphous precipitate. 
Orexin reduces potassium permanganate in the cold. 

On heating oxerin in a test-tube with about twice its measure of 
zinc-dust, the strong characteristic odour of phenyl-isonitrile is pro- 
duced. On treating the residue with hydrochloric acid, and adding 
bleaching-powder solution to the filtered liquid, a blue colouration is 
obtained, owing to the previous formation of aniline. 

Orexin tannate has been introduced for administering to children. 
It is a tasteless powder which becomes brown and acquires an unpleas- 
ant taste at 100° and decomposes completely at a higher temperature. 
It is almost insoluble in water, and only slightly soluble in alcohol and 
ether, but readily soluble in very dilute hydrochloric acid (0.3%) 
Vol. VI.— II 



i62 naphthylamines, pyridine, quinoline, acridine bases. 

from which solution it is precipitated unchanged by strong acid and 
dilute aqueous alkali. 

Orexin tannate gives a bluish-black colouration with iron salts and 
when treated with aqueous ammonia becomes clotted while the liquid 
assumes a wine-red colouration. A further test for orexin tannate is 
as follows: 0.5 grm. is dissolved in 3 c.c. of 30% acetic acid, rendered 
alkaline with sodium hydroxide and shaken witli ether. The residue 
obtained by evaporating the ethereal extract is dissolved in concentrated 
sulphuric acid, addition of nitric acid to which should tlien produce a 
green colouration which frequently appears to be red on the edges. 
If the solution be diluted and treated with sodium hydroxide it should 
become yellow and yield a yellow precipitate. 

Orexin tannate when heated with zinc dust yields phenyl f^tJ-cyan- 
ide, benzonitrile and aniline. 

ACRIDINE AND ITS ALLIES. 

Acridine and its isomeride phenanthridine bear the same relation to 
anthracene and phenanthrenc respectively that quinoline bears to 
naphthalene, and pyridine to benzene (compare). The following 
formul® show their constitution and relationship to anthracene and 
phenanthrenc: 



Acridine. Phenanthridine. 


Acridine. CisH^N. 

Acridine has been prepared synthetically by heating concentrated 
formic acid or chloroform with diphenylamine and zinc chloride, and 
also by various other reactions. Acridine is contained in coal tar, 
and may be extracted from the fraction boiling between 300° and 360°, 
or from crude commercial anthracene, by agitating it with dilute sul- 
phuric acid, precipitating the acid liquid with potassium chromate, 
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purifying the acridine chromate by recrystallisation, precipitating the 
base by ammonia, and recrystallising it from hot water. The hydro- 
chloride may also be employed for the purification of acridine. 

Acridine crystallises in colourless or brownish-yellow leaflets, broad 
needles or rhombic prisms, m. p. it sublimes in needles, distils 
without decomposition above 360°, and is volatile in steam. 

Acridine is very slightly soluble in cold, but more readily in boiling, 
water, crystallising on cooling in long needles. It is readily soluble in 
alcohol, ether, benzene, carbon disulphide, etc. 

Dilute solutions of acridine (and its salts) exhibit a strong blue 
fluorescence, which is green in more concentrated solutions, and dis- 
appears if they are very strong. 

The most characteristic property of acridine is its intensely irritating 
effect on the skin and mucous membrane. Violent sneezing and cough- 
ing are produced by inhaling the smallest particle of the dust or vapour. 
The base and its salts attack the tongue even in minute quantities, and 
even very dilute solutions cause acute stinging when applied to the 
tongue or skin. 

Acridine has been employed as an insecticide, and compositions 
containing it have been patented for coating the bottoms of vessels. 
It is highly probable that tlie preservative properties of coal-tar creo- 
sote oil are partially due to the presence of acridine. 

Acridine is a very stalffc substance. Sulphuric acid has no action 
upon it, except at a very high temperature, and potassium hydro.xide 
does not react below 280^^. Concentrated nitric acid converts acridine 
into nitro-derivatives. Most otlier oxidising agents act with difficulty 
or not at all on acridine, but by tlie action of potassium permanganate 
It is converted into qiiinoline-2'.ydicarboxyUc or acridmic acid. The 
latter substance crystallises with 2II2O in .slender needles, decomposes 
at 120-130°, and is sparingly soluble in water. 

The addition of a 10% solution of cobalt nitrate to a boiling solution 
of I grm. of acridine in 500 c.c. of blcacliing powder solution (1:5) and 
subsequently boiling for one hour leads to the formation of g-acridoney 
stout, yellow needles, m. p. 354° (dccomp.). 

Salts of Acridine. 

Acridine is a feeble base. It forms no carbonate, and its salts are 
more or less decomposed by boiling with a large quantity of water. 
Acridine hydrochloride, Ci3H,N,HCI,H20, forms yellow plates. 
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The solution in water exhibits a bluish-green tluorcscence and gives 
a yellow crystalline precipitate, m. p. 235°, of the mercurichloridc, 
(Ci3HgN,HCl)2,HgCl2, on the addition of mercuric chloride. With 
platinic chloride it yields the platinichloride^ (C\3H„N)2,Il2PtClg, in 
minute, sparingly soluble, yellow needles. 

Acridine nitrite, (C, 3 lI„N) 2 , 11X02, 3H2O, obtained by the 
interaction of acridine hydrochloride and sodium nitrite, forms long, 
yellow, silky needles, m. p. 151*^. It loses 2H2O at 70-80'’. 

Acridine sulphite, (C^jIljN) 2,112803, is precipitated in yellowish- 
red or brownish needles, very slightly soluble in water, on mixing 
solutions of sodium sulphite and acridine hydrochloride, and adding 
hydrochloric acid. 

Acridine Picrate, Ciallj^NjC^jHaO-Ng, is obtained as a canary- 
yellow precipitate, consisting of microscopic, yellow, prismatic needles 
witli a faint green reflex; it commences to decomf)Ose at 208°. The 
picrate is almost wholly insoluble in cold water; 10 c.c. of the saturated 
solution in alcohol and benzene at 17.5° contain 0.004 l^rm. and 0.001 
grm. of the salt respectively. Acridine has been suggested by Ansdiiitz 
{Ber., 1884, 17, 438) as a suitable reagent for the estimation of picric 
acid, the hydrochloride being used as a precipitant for metallic 
picrates, and a solution of the free base in benzene for the picric acid 
compounds of hydrocarbons. 

Conversely, in the absence of substances forming picrates soluble 
with difficulty in benzene or water, acridine may be estimated by 
precipitating and weighing as the picrate. 

Hydroacridine. Dihydroacridine. 

/CH2 

C,H,( 

This substance is formed (together with a white substance insoluble 
in alcohol) by the reduction of acridine in alcoholic solution by sodium 
amalgam. It forms prisms, m. p. 169°, insoluble in water, slighdy 
soluble in cold alcohol, very soluble in hot alcohol or ether. It dis- 
solves in concentrated sulphuric acid, and is precipitated unchanged 
on dilution with water. Argentic and cupric oxides reconvert it into 
acridine. Hydroacridinc is the analogue of piperidine (page i4t) 
and tetrahydroquinoline (page 155). 
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Phenanthridine. 

Phcnanlhridine crystallises in slender needles, m. p. 104®, and 
distils above 360^^. The vapour when inhaled induces violent sneezing. 
Aqueous solutions exhibit a blue lluorescence. It is thus seen that 
phenanthridine presents the closest resemblance to acridine; it may be 
distinguished from the latter suijstance, however, by adding sodium 
sulphite to a solution of the hydrochloride containing excess of hydro- 
chloric acid; phenanthridine does not yield a precipitate while acridine 
gives a precipitate of reddish-l)rown needles. The mercuri'chloride, 
C,.,H.jN,HCl,IIgCL, crystallises in small prisms, m. p. igf. 

A boiling solution of phenanthridine in bleaching powder solutions, 
when treated with cobalt nitrate, yields pJienanthridonc which cr>’stal- 
lises in long, silky needles, m. p. 293° (corr.). 




THE VEGETABLE ALKALOIDS 


By THOMAS A. HENRY, D. Sc. (Lond.) 

When Sertunicr in 1817 (Gilbert's Annalett, 1817, 55 » 5^) published 
his paper entitled “ Morphia, a new salt-forming substance, and me- 
conicacid, as the chief constituents of opium,” he described morphia 
as a “vegetable alkali” and drew attention to its relationship to am- 
monia. Between 1817 and 1835 about 25 substances exliibiting similar 
basic properties and most of them possessing well-marked physiological 
action were isolated from plants and it became convenient to group 
them togetlicr under one name and for this purpose the term alkaloid 
came into use about 1833. 

Since that date this name has been used to designate the class of 
naturally occurring nitrogenous organic compounds, possessing basic 
properties. Kiinigs (Studien iiber die Alkaloide, p. 31, Municli, 1880) 
suggested the limitation of the term to pyridine derivatives of natu- 
ral occurrence and there was at first some inclination among chem- 
ists to adopt tliis view. More recently, however, it has been felt 
undesirable to exclude such substances as caffeine and theobromine, 
which are purine derivatives and hygrine, which is a pyrrolidine 
derivative from the application of the name, and the term is now used 
liy most writers in its original significance. It is convenient to sepa- 
rate the alkaloids into 2 groups according to dicir origin, viz., {i) 
animal alkaloids and (2) vegetable alkaloids, and this article is con- 
cerned only with the second of tliese groups, whicli is by far the more 
important. 

Distribution and Mode of Occurrence. — Alkaloids have been 
isolated from both the great classes of plants, but whereas those obtained 
from the Cryptogams (so-called flowerless plants) can be numbered 
on the fingers of one hand, those occurring in the Phanerogams 
(flowering plants) run into hundreds. The existence of alkaloids 
in the flowering plants is, however, limited to comparatively few nat- 
ural orders, the richest in these substances being the Papaveracea, 
167 
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LeguminoscB and Ranunculaced. Other striking groups in this respect 
are the Solanacea, furnishing the tropine series of alkaloids, and 
RubiacecB yielding the cinchona alkaloids. The usual statement that 
the CompositcBi one of the largest and most cosmopolitan of orders, 
yields very few alkaloids is negatived by Gresholl’s statement that 
out of 150 plants of tliis order examined, 50 yielded alkaloids {Ned. 
Tijd. Pharni.y 1900, I2, 137). No alkaloid has yet been obtained from 
the Gramxnacem^ and only one, stachydrine, from Labiatce, 

As a general rule alkaloids may occur in all parts of a plant, though 
where several are present one of these may be found in greatest abun- 
dance in a particular part and occasionally when only one alkaloid is 
present this may be restricted to certain parts. The amount of 
alkaloid found in different parts of the same plant may vary widely 
(compare Feldhaus, Arch. Pharm., 1905, 243, 328) thus, in the 
several parts of a specimen of Stramonium from Madras examined 
recently at the Imperial Institute, the following percentages of alka- 
loids were found: 


Roots Leaves Seeds 


Total alkaloids 0.159 0.430 0.186 


Approximate ratio of hyoscy- | Alkaloids not identic 5:1 3:1 

amine to scopolamine. ; fied. 


Alkaloids usually occur in plants in the form of salts of malic, oxalic, 
succinic, tannic or some other vegetable acid and in a few cases as 
salts of special acids; thus the aconite alkaloids occur chiefly in combina- 
tion with aconitic acid, the opium alkaloids largely with mcconic acid, 
the cinchona alkaloids with quinic acid and so on. Choline is widely 
distributed among plants in the form of the complex substances known 
as lecithins. Salts with inorganic acids are not infrequent, thus mor- 
phine occurs naturally in opium in part as morphine sulphate. 

Mode of Formation in Plants. — It seems likely that the simplest , 
group of vegetable alkaloids represented by such substances as aspara- 
gine, glutamine, leucine, arginine, choline, muscarine and betaine 
result from the decomposition of proteins, and this view finds support 
in the fact that choline especially is widely distributed in the vegetable 
kingdom. This method of formation may also apply in the case of 
the purine bases of vegetable origin such as xanthine, caffeine, thco- 
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bromine, etc., and Pictet assigns a like origin to alkaloids having a 
pyrrolidine nifcleus, e. g.y nicotine, atropine, cocaine and hygrine 
{Arch. Sci. Phys, Nat., 1905 [IV], 19, 329) and suggests that alkaloids 
having a pyridine or quinoline nucleus may result from molecular 
transformation of mcthylpyrroles or -indoles, since he has shown that 
by the action of heat, i-methylpyrrolc is converted into pyridine and 
i-methylindole intoquinoline {Ber., 1904, 37, 2792). The suggestion has 
also been made that alkaloids may result directly from condensation of 
certain aldehydes or ketones with ammonia or amines. In support of 
this it is urged that these classes of compounds arc known to occur in 
plants and that some of the reactions alluded to can take place at 
atmospheric temperatures and arc therefore not precluded from occur- 
ring in plants. Further, such reactions give rise to substances having 
heterocyclic nuclei and in some cases exhibiting physiological action 
quite similar to that shown by some groups of naturally occurring 
alkaloids. Perhaps the most interesting case of this kind is diaceton- 
amine obtained by condensing acetone with ammonia. This sub- 
stance can be converted by simple reactions into ^S'-eucaine, which is 
quite similarly constituted w'ith cocaine and is an efficient substitute 
for this alkaloid in medicine. The two substances are represented by 

CH3— CMe— CHj 

I 

NH CH-O.Bz 

I 

CH3— CH CHj 

.?-Eucaine. 

Function in Plants. — As regards the function of alkaloids in plants, 
two views have been held. The lirst supposes that they are ultimate 
products of metabolism and play no further part in the life of the 
plant. In support of this view it is urged that alkaloids arc found in 
greatest abundance in the bark of the stem or root, in seeds, fruit 
rinds and other parts, which arc thrown off by the plant and are, 
therefore, convenient receptacles for such waste products or excreta 
(duareschi, Einfiihrung in das Sludium der Alkaloide, Berlin, 1896. 
Compare Pictet, loc. cit.). On the other hand, it has been shown 
especially by Lotsy in Java, in the case of cinchona, that alkaloids are 
formed in the leaves apparently as normal products of assimilation, 


the following formula?; 

CH.,— CH CH.CO.OMe 

I I 

NMe CILO.Bz 

I I 

CHj— CH CHj 

Cocaine. 
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and are produced in greatest amount in those parts in which met- 
abolism is proceeding most rapidly and that they are aj)parently ulti- 
mately consumed in large measure by the plant and are therefore to be 
regarded as plastic products. 

It is of considerable industrial interest to note that by the applica- 
tion of modem cultural methods, including plant selection, appropriate 
manuring, and collection at the proper period, the yield of a plant not 
only in “total alkaloids,” but in any particular alkaloid peculiar to 
that plant, may be greatly increased. For e.xamplcs of this kind of 
work, reference may be made to van Gorkom’s Scheikundige Bijdra^en 
tot de Kennis der Java-Kina, 1908 (de Bussy, Amsterdam) and Che- 
valier’s paper on Solanaceous plants {Compt. Rmd., 1910 , 150, 344 ). 

Nomenclature. — It is impossible as a rule to apply systematic 
names to the alkaloids obtained from plants since in the great majority 
of cases their chemical constitution is unknown and even where it is 
known the systematic names are too cumbrous for general use. 1'he 
names given to alkaloids have reference as a rule to their botanical 
origin or to their physiological properties, thus: aconitine obtained 
from Aconiluni Napellus and morphine in allusion to tlic soporific 
properties of this alkaloid. In recent years the tendency has been to 
adopt the first sy.stem of naming only. For secondary alkaloids, either 
occurring with or derived from the principal alkaloid, it is becoming 
customary where possible to express more or less clearly in the 
names assigned to them their relation.ship to the principal alkaloid, 
thus Quinine; IIydroc|uininc: Cocaine (methylbenzoylecgonine) ; 
Cinnamylcocaine (methylcinnamylecgonine): Aconitine (acetylbenzoy- 
laconine); Benzaconinc (bcnzoylaconinc) ; Aconine: Pelletierine; iso- 
Pelletierine; Methylpclleticrinc. Where the relationship is unknown 
the names of the secondary alkaloids arc commonly formed from that 
of the first by the insertion of the particles in, en, id, ig, is, at, etc. ; 
thus gelsemine, gelsemmine; yohimbine, yohimbewinc; pilocarpine, 
pilocarpwfine; and so on. 

It will be clear from tlie foregoing that the chief characteristic of the 
nomenclature of alkaloids is the lack of .system which prevails and 
where attempts have been made, e. g., by Ciamician and Silber 
(Ber., 1896 , 29, 481 ), and by Willstatter {ibid., 1897 , 30, 2692 ) 
to re-name groups of closely related alkaloids on a systematic basis, 
chemists have shown no tendency to adopt the names suggested. 
Fortunately, however, in English the convention has been generally 
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accepted that the names of all alkaloids in common with those of 
other nitrogenous bases must end in ine. This serves to distinguish 
them from the glucosides and so-called ‘‘neutral principles,” the 
names of which end in in. 

There is a similar lack of system in the naming of the alkaloidal 
salts; thus since the alkaloids resemble ammonia and the amines and 
form salts by combining with the whole molecule of acid presented to 
them (NHgjHCl; B,IIC 1 ; BjHjSO/, B,H2C204, where B represents 
an ordinary monacidic alkaloid) their compounds with the halogen 
acids are called hydrochlorides, hydrobromides, and so on, but the 
application of the rule stops there and the salts with other acids 
receive tlic ordinary designations, e. g., quinine sulphate, nitrate 
oxalate, picrate, etc. 

One of the characteristic properties of the haloid salts of the alka- 
loids is that of forming double salts especially with the haloid salts of 
the heavy metals. There are conveniently called platinichlorides, 
[B.IIClJojPtCl^, aurichloridesB.HC'bAuClj, mercurichlorides, B.HgCl,- 
ctc. In certain cases the free alkaloids may also combine with a 
molecule of auric chloride forming substances of the type B.AuClg. 
These arc now generally called auric-chloride compounds, while the 
prefix anrochhr- is used for a class of substances, the first member of 
which was prepared by Dunstan and Shepheard {Trans. CJiem. Soc.^ 
^893? 63, 195) from cafTeinc. In these a gold chloride residue, 
AuClj, replaces an atom of hydrogen in the molecule of the alkaloid, 
thus aurochlorcaffeine has the formula CgIl9(AuCl2)02N4. 

Isolation and Purification of Alkaloids.— As a preliminary to 
the identification or estimation of an alkaloid it is almost always 
necessary to prepare it in a fairly pure form. The method to be used 
in isolating alkaloids from plant material will depend on the nature of 
the latter, and in the case of cinchona bark, opium, coca leaves, and 
other well-known products, suitable methods of isolation are described 
in the special sections of this volume, devoted to the particular alka- 
loids. The present description is therefore to be regarded only as 
applying to plant materials, for which special methods have not been 
worked out. 

A test for the presence of alkaloids should first be made and this 
may be carried out with 30 to 100 grm. of material by the alcohol 
extraction process outlined below, a Soxhlet or other apparatus (Vol. i, 
77) being used. Most alkaloids and alkaloidal salts are soluble 
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in alcohol, but a few of them dissolve with dilTiculty and some arc 
practically insoluble in this solvent. If therefore no alkaloid or very 
little is taken out by alcohol, tlic following methoils of extraction 
should be tried in turn and the extracts obtained tested for the presence 
of alkaloids by the usual alkaloidal reagents, of which at least two, 
e. g.y Mayer’s reagent (potassium mercuric iodide) and phospho- 
molybdic acid should be used, as no one reagent gives precipitates 
with all alkaloids (see page 172). 

1. Extract the ground plant with cold water. 

2. Mix the ground plant, first slightly moistened with water, with 
one quarter its weight of slaked lime, dry the mixture either in a 
desiccator or by gently warming; then extract with the following 
solvents in the order indicated: light petroleum, ether, chloroform, 
alcohol. 

3. Extract a fresh portion of the ground jdant with dilute (1%) 
hydrochloric acid by maceration or percolation in the cold. 

If all these methods fail to extract alkaloid, it may be assumed that 
the material under investigation is free from such substances. 

Assuming tliat the preliminary test has shown the presence of alka- 
loidal sul)stance it is generally necessary to accumulate enough of this 
for identification. The preliminary test will have indicated already 
the best method of extraction but it should be remembered that many 
alkaloids are decomposed by long continued contact with lime or 
magnesia, or when allowed to remain in excess of dilute acid so that 
wherever possible extraction of plant material directly with a neutral 
organic solvent such as alcohol is to be preferred even if such a method 
is slow. Where it is found essential to use an acid extracting mecfium, 
alcohol containing a small amount of the necessary acid (acetic or 
tartaric being preferable to mineral acids) should lie used in place 
of dilute aqueous acids, if possible. 

I'he following process of extraction is capable of very general appli 
cation though it requires modification for particular cases. 

The plant product is ground to a fine powder and moistened with 
95% alcohol and allowed to stand for several hours. It is then packed 
in a Toogood’s glass percolator (obtainable from Messrs. Toogood 
Ltd., South Wark Street, London, S. hk), the rubber bung and siphon 
tube of which have been replaced by a well-fitting cork carrying a tube 
with a plain gla.ss stopcock. The latter is closed and 95% alcohol 
poured into the percolator until the ground plant is just covered. 
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The mouth of the percolator is covered with a ground glass plate and 
the whole set aside during 24 hours. The stopcock is then opened 
and the extract run old completely. It can be replaced by more 
alcohol and the process repeated until tlie ground plant is exliausted. 
In order to avoid the passage of small particles into the stopcock the 
end of the latter inside the percolator should be covered by a plug of 
cotton wool to serve as a filter, before putting in the ground drug. If 
the material under examination is tough and dithcult to grind into 
fine powder, it is advantageous to place a layer 
of al)Out 2 in. of fine washed sand at tlie bottom 
of the percolator before putting in the ground plant 
and if the material shows any tendency to clog so 
that the extract does not run freely, the alcohol 
should be allowed to drain, and die ground plant 
taken out, mixed with its own weight of waslied 
sand, and repacked in the percolator. 

This mcdiod of extraction may also be used for 
die other solvents indicated, care being taken that 
a percolator with a closely-fitting ground glass lid is 
selected when more volatile solvents such as chloro- 
form or ether are to be used. These percolators 
are supplied in various sizes, holding about 4 oz. 
and upwards of ground plant. Their form is shown 
in Fig. I. 

This process answers well in most cases for 
roots, stems, leaves, flowers, husks of fruits and 
similar materials. If these contain much resin or 
colouring matter, soluble in alcohol, it is often 
vantageous to mix die ground material widi lime 
or magnesia previous to extraction but diis should not be done 
unless it is quite certain that the alkaloid (or alkaloids) present 
is unaffected by long continued contact with these materials. If 
diere is any doubt on diis point, the extraction should be made 
without lime or magnesia and the obnoxious matter got rid of at 
a later stage. Many seeds contain considerable quantities of fat 
or oil and it is advantageous to remove this prior to extraction with 
alcohol. For this purpose the ground seed may be extracted with 
light petroleum in which very few of the naturally occurring alkaloidal 
salts are soluble. If the seeds are very rich in oil it is often advan- 
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tageous to re-grind tlicm after partial extraction by light petroleum 
in order to facilitate complete removal of the oil. In all cases the 
light petroleum extract should be tested for alkaloids, and if it con- 
tains any, the alkaloid should be recovered by extraction with dilute 
acid as described below. 

Which ever solvent is employed the extraction must be continued until 
the plant is exhausted, this point being ascertained by testing a few 
drops of the liquors by one of the general alkaloidal reagents. (See 
page 185.) 

The extraction liquors arc next concentrated by distilling off the 
solvent, which should be done under reduced pressure if water or 
alcohol has been used as a solvent. If an acid liquid has been used 
for extraction, dilute ammonia should be added before concentration 
until the liquor is just faintly acid but still free from any precipi- 
tate. The concentrated product requires treatment, which varies 
witli the extracting medium used. 

1. Aqueous extracts are usually very much coloured by extractive 
matter and these should, after concentration to a low bulk, be clarified 
with lead acetate, the precipitate fdtered off, and the filtrate treated 
with hydrogen sulphide to remove the excess of lead acetate. The 
filtrate from the lead sulphide is tlien ready for final extraction as 
described below. 

2. Alcoholic extracts generally contain oil, chlorophyll, and occa- 
sionally much resinous matter. They should be concentrated almost 
to dryness and the residue extracted with water slightly acidified with 
dilute hydrochloric acid and the mixture set aside to deposit resin, etc. 
Galenical preparations such as the tinctures, licjuid extracts, etc., 
of the pharmacopoeia, may generally be treated in like manner. If 
they contain much alcohol this should be distilled off and the residue 
treated as above. In either case if the liquid decanted from the insolu- 
ble part of the alcoholic extract is dark coloured, it should be clarified 
with lead acetate as described under (i), but if not it may be filtered 
and is then ready for final extraction. 

3. Extracts in light petroleum, ether or chloroform arc usually 
fairly clean and in these cases the whole of the solvent should be 
removed by distillation. The residue should then be taken up with 
successive portions of dilute (0.5%) hydrochloric acid until all the 
alkaloid is dissolved out. The mixed acid liquors should be filtered 
if necessary, and treated as described below. 



ISOLATION AND PURIFICATION OF ALKALOIDS. 


175 


The slightly acid aqueous liquid obtained as described in paragraphs 
I, 2, or 3 above should contain the whole of the alkaloid (or alka- 
loids), present in the plant extracted. Where only strongly basic 
alkaloids, the salts of which arc not dissociated by water are con- 
cerned, it is possible to remove traces of impurities from this acid 
liquid by shaking with ether or chloroform, but, this may lead to 
loss of weakly basic alkaloids, and if this preliminary purification is 
attempted, the ethereal or chloroform solution should be tested for 
alkaloids, and the latter recovered if present. 

Most of the alkaloids are almost insoluble in water and in alkaline 
solutions and consequently on adding an alkali (usually dilute ammonia 
in 5//g/// excess, but in some cases a dilute solution of sodium hydroxide 
must be used) to this acid liquid, the alkaloids arc precipitated, gener- 
ally as flocculent while powders, which may either be filtered off or, 
better, may be dissolved in an immiscible organic solvent by shaking 
successive portions of this with the alkaline aqueous liquid. The 
extraction should be made complete by testing a few drops of the 
aqueous liquid from time to time with Mayer’s or other suitable reagent 
(see page 185) and continuing the extraction with fresh portions of 
solvent until all the alkaloid is removed, unless there is reason to sup- 
pose the presence of an alkaloid soluble in water, but not in organic 
solvents in which case anoUier method of isolation must be used (see 
below). The immiscible organic liquid to be used depends on the 
solubility of the alkaloid (or alkaloids). Most alkaloids are soluble 
in chloroform, but ether is a better medium to work with when possible 
and light petroleum or l)enzene or mixtures of two of tliesc are often 
useful solvents to employ; amyl alcohol is the most useful solvent for 
morphine. (For a full description of tlie metJiod of applying immiscible 
solvents see Vol. i, pages 79 -82.) At tliis stage it is often possible to 
effect at least a partial separation when several alkaloids are present 
by the use of two or more solvents in turn. 

dhc solution in the organic solvent should be run into a second 
separating funnel and allowed to stand until as much as possible of 
the adherent aqueous liquid has separated and this should be run off. 
A few pieces of fused calcium diloride should be placed in tlie alkaloidal 
solution and this set aside for a few hours to dry. It may then be run 
hito a tared flask, the funnel washed out with a little more of the dry 
J^olvent and the washings added to the bulk. The solvent should 
he distilled off, the last traces being removed by exposure in a vacuous 
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desiccator and finally the alkaloidal residue should ])e dried at 100'’ 
until of constant weight, and weighed. This roughly (|uantitative 
work is of course not essential in accumulating material for identifica- 
tion, but it is always useful to record the actual weight obtained in such 
an operation as that described. 

A few of the alkaloids are more soluble in water than in any organic 
solvent, and in such cases separation by immiscilile organic solvents is 
not feasible. Recourse must then be had to precipitation witli a 
reagent such as potassium mercuric iodide or solution of iodine in 
potassium iodide (see pages iSq). 'I'he precipitates so obtained arc 
allowed to drain, suspendetl in as little water as possible and decom 
posed by hydrogen sulphide in the case of the potassium mercuric 
iodide precipitate, or hy sodium thiosulphate for the periodide precijii- 
tate. In either case the alkaloid remains in the water as a liydriodiiic 
and maybe recovered by evaporating tlie acjiieous lir^uid over calcium 
chloride in a vacuous desiccator. 

The residue obtained by any of these processes is the “ total alkaloid ” 
of the plant and is generally a mi.xture of alkaloids. The presence of a 
particular alkaloid in it may be established in some cases by applying 
a series of tests knowm as “colour tests" (see page 189, and the 
special sections). But, wherever possible, it is best to separate 
the constituents of the mixture and identify tliesc by the usual 
physical constants, such as crj'stalline form, m. p., specific rota- 
tion, etc., either of the alkaloids themselves or of their most char- 
acteristic salts. For this purpose the alkaloidal residue is usually 
converted into the corresponding salts by exactly neutralising it with 
an appropriate acid and Uien every effort is made to induce tliis mix- 
ture to crystallise. Cry'stallisation may often be induced by dissolving 
tlie dry mixture of salts in dry alcohol in a dry, clean, stoppered bottle, 
and adding dry ether until a faint cloudiness is apparent. The liquid 
is then set aside when crystallisation may take place. If only amor- 
phous products separate at first, the clear liquid should be decanted into 
a second bottle and a little more of the precipitant added. If after 
several trials in this way no crystals separate, the solvent should be dis- 
tilled off, the various fractions assembled and dissolved in water and a 
fresh salt tried in like manner. It is convenient to try the salts in the 
following order: hydrochloride, hydrobromide, hydriodide, sulphate, 
nitrate, oxalate, picratc. If the hydrochloride does not crystallise, it 
should be re-dissolved in water and fractionally precipitated with gold 
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chloride, in which case a series of crystalline aurichlorides may be ob- 
tained, or, if this fails, with platinic chloride. The aurichlorides and 
platinichlorides are often useful as means of identification as they fre- 
quently crystallise readily and their m. p. and composition often afford 
conclusive evidence of the identity of a particular alkaloid. The free 
alkaloid may be recovered from the aurichlorides or platinichlorides by 
suspending these in water and decomposing them by hydrogen sulphide, 
when the alkaloidal hydrochlorides remain in solution and may be used 
for die preparation of other salts or the free bases. When the mixture 
of alkaloids or salts has been induced to crystallise, it must be re- 
crystallised in the usual manner until of definite m. p. or until several 
fractions of definite m. p. are obtained. 

Isolation of Liquid Volatile Alkaloids. — The general method 
already described will suffice for these alkaloids, since tliey usually 
occur in plants in the form of salts, which are soluldc in alcohol or 
water and their presence is as a rule easily recognised by their charac- 
teristic odour, which becomes apparent when alkali is added to a plant 
extract containing them. 'I'hcy can be obtained from the concentrated 
alcoholic e.xtract by distilling otT the alcohol as completely as possible 
on the water-batli, adding water and excess of potassium hydroxide 
to the residue and distilling in steam. They are best obtained pure by 
converting into salts and re-crystallising these until of constant m. p. 
d'ypical metlrods for the isolation of volatile alkaloids are described 
under coniine (page 21 1), nicotine (page 237), and sparteine (page 

230)- 

Isolation of Alkaloids for Medico-legal Purposes. — The methods 
generally used are tliose of Stas-Otto, Dragendorff or Kippenberger. 
They do not dilTer in principle from those already described, but since 
in such cases the alkaloids arc usually present only in small quantity 
and are generally mixed with much organic matter, special care has 
to be exercised in isolating them. Full details are given in ^^PoisonSy 
Their Effects and Detection,'' by A. and M. Wynter Blyth (London, 
Fharles Griffin and Co., 1906). I'he Stas-Otto process consists in 
treating the finely minced material with strong alcohol in the propor- 
tion of 1,000 c.c. to each kilogram of material to be extracted. The 
alcohol is distilled off and the aqueous residue shaken with light petro- 
leum to remove fat. Any alkaloid removed by the light petroleum is 
recovered by shaking this with dilute acid, and is returned to the 
aqueous extract. The latter is then evaporated to dryness and the 
Vol. VI.— 12 
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residue extracted with absolute alcohol, which dissolves all the alka- 
loid. The residue from this is then submitted to tests for identitiai- 
tion. It is almost always impure and may give reactions with the 
usual alkaloidal precipitanls although no alkaloid is present. 

In Kippenberger’s process (Zeil. Anal. Chem., 1895, 34, 294) the 
matter is digested with a solution of tannin (100 grm.) in glycerol 
(500 grm.) at 40° for two days. The extract is heated to 50° to coagu- 
late proteins, cooled and filtered. It is next shaken with light petro- 
leum to remove fat and the last traces of petroleum removed from the 
extract by heating on the water-bath. The fat-free extract is then 
acidified and shaken with chloroform, which removes colchicine, 
papaverine, narcotine, delphinine and aconitine. 

The extract is next made alkaline with dilute solution of potassium 
hydroxide and again extracted with chloroform which removes brucine, 
strychnine, emetine, veratrine, narcotine, codeine, thebaine, atropine, 
sparteine and nicotine. 

The extract may still contain narceine, morphine, and curarine. 
The first two can be isolated by passing carbon dioxide into the ex- 
tract to convert the alkali hydroxide into carbonate and then extracting 
with a mixture of alcohol and chloroform. Finally, curarine can be 
extracted by agitation with a mixture of equal volumes of ether and 
chloroform. This process also provides for the i.solation of certain 
glucosides and neutral principles such as strophanthin, picrotoxin, 
cantharidin, etc., which arc to.xic. 

The alkaloidal residues obtained as described may then be examined 
in detail. 

Kippenberger’s process may be usefully combined with the Stas- 
Otto process by applying it to the final alcoholic extract obtained by 
the latter method. 

The processes to be used in separating and identifying the alkaloidal 
constituents of the purified residues obtained in these various ways are 
identical with those given elsewhere in this volume, notably pages 183 
to 185, and the succeeding special sections. 

Estimation of “Total Alkaloids.” — As a rule the estimation of 
the “total alkaloids” only of a plant product is attempted, though in a 
few cases more or less successful methods have been devised for the 
separation and estimation of the principal, as distinct from the second- 
ary alkaloids. For examples of such methods see under opium (page 
370), cinchona bark (page 510), strychnos seeds (page 461), etc. 
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Methods for the estimation of the total alkaloids in the principal drugs, 
etc., are described in the succeeding sections relating to these products, 
and it is only necessary here to refer to certain general methods that 
have been suggested as applicable to many plants. 

The general process of extraction already described can be applied to 
the estimation of total alkaloids. For this purpose a quantity of the 
ground plant, large enough to yield an alkaloidal residue weighing 
from 0.2 to 0.4 grm. should be taken and completely extracted in a 
Soxhlet extraction apparatus, with a suitable solvent, selected as a 
result of the preliminary extraction e.xperiments. In the case of esti- 
mations the extraction must be carried out completely and rapidly and 
it is often possible to use methods, which would be objectionable in 
carrying out extraction on a larger scale. Thus for the purposes of 
an estimation it is unimportant that an alkaloid may undergo isomeric 
change in contact with alkali or acid since the weight of alkaloid 
obtained will be the same. Consequently preference should be given 
to methods in which solvents sftch as light petroleum, ether or chloro- 
form, which extract little more than the alkaloid, can be used as primary 
extracting liquids, .since in that way preliminary purification of the 
extract by lead acetate, etc., can be avoided. It is often convenient, 
however, when material is scarce to use the residues obtained in the 
course of several estimations for further investigation and in such cases 
care must be taken that the processes used do not occasion change in 
the alkaloid. The residues obtained in estimation should not only be 
weighed but should if possible be titrated in order to avoid the possible 
inclusion of non-alkaloidal material. This titration is usually best 
carried out by dis.solving the alkaloidal residue in a known quantity 
of standard acid and then titrating back with standard alkali. Care 
is needed in tire selection of an indicator for^thc titration (see page 181). 

A number of authors have proposed general methods for the estima- 
tion of alkaloids and of these the following may be referred to. 

Keller’s Process {Sclnvciz. Work, fur Chem. und Pharm., 1894, 32, 
44). — From 12 to 25 grm. of the finely pow^dered drug, dried over 
soda-lime or sulphuric acid, is placed in a flask with a measured quan- 
tity of ether or a mixture of ether and chloroform in the proportion of 
3:1. Enough of the solvent should be used to cover the drug com- 
pletely. The mixture is set aside for 5 to 10 minutes with occasional 
agitation. To it is added jo% ammonia solution in excess (usually 
10 c.c.) and the maceration continued with occasional careful agitation 
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during 30 minutes. At the end of that time a little water is added and 
die mixture shaken for 2 or 3 minutes until the drug runs together 
and the ether will separate, fairly free from particles. The ethereal 
solution is then run off into a second ilask and allowed to stand until it 
is quite clear when an aliquot part, usually 50 to 100 c.c., is measured 
into a separating funnel where it is shaken successively with 25, 15, 
and 10 c.c. of 0.5 to i.o^p hydrochloric acid, the acid extract Ijcing 
run as completely as possible into a second separating funnel, l-lxcess 
of 10% ammonia solution is added to the acid liquid and the alka- 
loids, thus liberated, extracted by shaking with three successive por- 
tions of a mixture of equal parts of ether and chloroform or with ether 
alone. The whole of the ethereal liquid is run through a small filter- 
paper into a tared Ilask, the solvent distilled oh and the re.ddue dis 
solved once or twice in small quantities of dry ether and the latti'r 
evaporated to facilitate dry ing. Finally the residue is dried during 15 
minutes at 100° and weighed. It is then dissolved in 5 to 10 c.c. of 
dry alcohol and titrated with N/20 hydrochloric acid using hamia- 
to.xylin as indicator. 

Kkroos (Arch. Phartn., 1898, 236, 328) has employed a modification 
of Keller’s process in which sodium hydroxide is used in place of 
ammonia for cinchona bark. 

Linde {Arch. Pharm.y 1899, 237, 392) has usefully summarised the 
objections to Keller’s and the related proccs-scs thus: 

1. It is assumed that the ethereal solvent extracts all the alkaloid or 
at least contains it in equal concentration within and without the drug. 

2. The amount of ethereal solution used is assumed to contain an 
aliquot part of the whole of the alkaloidal matter present, no allowance 
being made for change in the volume of the solvent through solution 
of fat or soap formed by the action of ammonia on the fat. 

3. The repeated agitations with (a) ethereal liquid and (6) acid are 
unnecessaiy' and equally good results are obtained with smaller vol- 
umes of liquid and a .single agitation, especially if the alkaloids are 
salted out by the addition of some brine. 

4. It is better to mea.sure the liquids than to weigh ‘ them. 

5. In Ekroos’ process the u.se of sodium hydroxide solution in place 
of ammonia solution is objectionable since it would liberate any 
amines present and would form soaps with any oil or fat in the drug. 


' In the above account of Keller’s process the quantitca of solvent to be used are given ia 
c.c. in place of t^rm.'i. ai Keller originally gave them. 
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In addition to the foregoing a number of processes based on the use 
of alkaloidal precipitants have been suggested. Particulars of these 
arc given on pages 185 to 197. 

For the estimation of pure alkaloids in solutions or preparations of 
these, ordinary volumetric and gravimetric processes are available 
and are described in the sections relating to the particular alkaloids 

Volumetric Estimation of Alkaloids. — Pure alkaloids may often 
be estimated volumetrically by titration with N / 10 acid and it is 
sometimes convenient to ascertain the purity of an alkaloidal residue 
by titration, as a partial check on the accuracy of a process of estimation. 
Most alkaloids behave as monacidic bases even when they contain 
2 atoms of nitrogen. Further, they show many anomalies in their 
behaviour with the usual indicators. 

Phenol phlJialein . — Comparatively few of the alkaloids show a 
normal alkaline reaction to this indicator in aqueous solution, the 
exceptions being atropine, homatropine, hysocyamine, scopolamine, 
conicine, conhydrine and sparteine, all of which according to Astruc 
{Compt. Rend., 1901, 133, 98) behave to it as monacidic bases. Eego- 
nine, benzoylecgonine, morphine and narceine in benzene solution, 
according to the same author, behave as monobasic acids to phenol- 
phthalein and can be titrated with N/10 potassium hydroxide, 
though the results are only approximate in the cases of morphine and 
narceine, Kippenberger states that sparteine alone can be satisfac- 
torily titrated in presence of phenolphthalein (Zeit. Anal. Chem.^ 1900, 
39, 202, 290). Owing to this general neutrality of free alkaloids to 
phenolphthalein, it is possible in many cases to estimate the amount of 
acid in combination with alkaloids by titrating with iV/io alkali in 
presence of phenolphthalein. For this purpose the free acid should 
first be neutralised by the addition of N / 10 sodium hydroxide solution 
using methyl-orange as indicator. The acid in combination with 
the alkaloid may then be ascertained by titration with N/io alkali 
and phenolphthalein. This process is of course inapplicable in the 
case of alkaloids, which give an alkaline reaction with the latter indi- 
cator (see above). According to Runne (Apoth. Zeit., 1909, 24, 662, 
1910, 25, 137) the acid in quinine hydrochloride may be estimated in 
this way in aqueous solution, but with quinine sulphate, codeine phos- 
phate or cocaine hydrochloride the titration is best conducted in alco- 
hol or a mixture of alcohol and water, while the process is not suitable 
for morphine salts. 
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Methyl-orange, — Most of the salts of alkaloids with mineral acids 
are neutral to this indicator and consequently the alkaloids may be 
titrated directly with N/io acid in its presence. The exceptions 
according to Astruc {loc. cit.) are caffeine, which is neutral to all the 
usual indicators, and aconitine (see below), veratrinc, strychnine and 
brucine, which are only feebly basic to methyl-orange. Sparteine is 
diacidic to methyl-orange as are also quinine, cinchonine, cinchonidine 
and quinidine. Methyl-orange according to Kippenberger {loc. cit.) 
gives approximate results only with atropine, emetine and coniine. 
Allen has observed that in titrating an alkaloid with metliyl-orange, 
it is rarely convenient to employ an aqueous solution of the base. A 
solution of the alkaloid in proof or rectified spirit is generally suitable, 
and the indicator is fairly sensitive under such conditions. But when 
the alkaloid is much coloured, as is frequently the case in the assay 
of the bases directly extracted from their sources, it becomes difficult 
or impossible to obser\'e the end of the action. Under such circum- 
stances, Allen overcame the difficulty by dissolving the alkaloid in 
a little ether, and placing the solution in a small stoppered cylinder, 
together with a few c.c. of water, coloured with a drop of methyl- 
orange solution (i:i,ooo). On then gradually dropping in the stand- 
ard acid and agitating thoroughly after each addition, it is easy to 
observ'e the end point, as the colouring-matter remains in the upper 
ethereal stratum, and presents a marked contrast to the red colour 
of the aqueous liquid. By operating in this manner and employing 
AVso hydrochloric acid, Allen obtained perfectly satisfactory esti- 
mations of aconitine, etc., even when working on so little as 0.030 grm. 

Laemoid.— This substance has been used by van Itallie {Analyst, 
1889, 14, 1 18) for the titration of atropine, hyoscyamine and coniine by 
N/10 hydrochloric acid and by Messner for the mixed alkaloidal 
residue obtained from cinchona extract {Zeit. Angew. Chem., 1903, 16, 
444). Kippenberger {Zeit. Anal. Chem., 1900, 39, 202, 290) states 
that it gives good results with atropine, cocaine, morphine, codeine, 
papaverine, narcotine, nicotine, coniine and veratrine when these are 
dissolved in standard sulphuric acid and titrated back with A^/50 
alkali. 

Rosolic Acid. — This has been used for alkaloidal titrations by 
Dieterich {Pharm. J., 1887 [Hi], 17, 888) but appears to be of doubtful 
value, though according to Astruc {loc. cit.) conicine, conhydrine, 
sparteine, atropine and the related alkaloids, the cinchona alkaloids, 
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and morphine, codeine, and thebaine behave as monacidic bases in 
its presence. 

lodesin . — According to Kippenberger (loc. cit.) this gives good 
results with thebaine, codeine, emetine and coniine (compare Linde, 
Arch. Pharm.y 1900, 238, 102 and Tapis, ibid., 1902, 240, 390). 
It has been used with good results in estimating nicotine {q. v). It 
is also used in the assay processes of the United States Pharmacopoeia; 
Eighth Revision, for estimating the alkaloids of nux vomica and phy- 
sostigma and as an alternative indicator for the coca and pilocarpine 
alkaloids. 

Hoematoxylin. This indicator is used in three important assay 
processes. 

Properties of the Alkaloids. — ^The most characteristic property 
of the alkaloids as a class is their marked physiological action and in 
this connection it is sufficient to recall the fact that a large proportion 
of the crude drugs of vegetable origin recognised in the pharmacopoeias 
owe their medicinal value to the alkaloids they contain. A consider- 
able amount of work has been done in attempting to correlate the 
molecular structure of the alkaloids with their physiological action 
but up to the present no useful generalisations have been made in this 
subject. In some cases it seems that the change from a substance, 
which is relatively inert in a physiological sense to one of great physio- 
logical activity is conditioned by quite minor changes in constitution, 
c. g., the change from tropine to atropine, and aconine to aconitine 
implies merely the introduction of acyl and alkyl groups. Most of 
the alkaloids are bitter to the taste, strychnine and the cinchona alka- 
loids being notable examples of this. In addition, certain of the alka- 
loids have a more marked action on the nerve endings in the 
tongue and, as in the case of cocaine, produce a numbing effect, and in 
those of the aconitine group, a pronounced tingling sensation. 
These characteristic actions are useful tests for these alkaloids but 
they must be applied with great care. Certain of the alkaloids exert 
a marked action on the nerves, which contract or dilate the pupil of 
the eye and this action is occasionally employed as a test for their 
presence. Such tests are, however, best regarded as merely con- 
firmatory of evidence obtained by chemical reactions. The test is 
best made by placing a drop of the alkaloidal solution to be examined, 
as nearly neutral as possible, on the eye of a rabbit, dog or cat, when, 
in a time varying from a few minutes to about half an hour, a marked 
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contraction or dilation of the pupil will be observed. The principal 

alkaloids causing such action arc as follows: 

A. The pupil is dilated by: 

I. Atropine, hyoscyamine and scopolamine^ and preparations of 
belladonna, henbane and stramonium; solanine; and ex- 
tracts from Solanaccous plants generally. 

2. Cocaine and preparations of coca. 

3. Coniine and preparations of hemlock and other umbelliferous 

plants. 

4. Cytisine and laburnum extracts. 

5. Gelsemine and preparations of gelsemium. 

6. Sparteine and preparations of broom. 

7. Certain ptomaines. 

Mydriasis, or dilation of the pupil, is so striking a characteristic 
of atropine and the associated bases that these are often groui)ed 
togetltcr as the “ mydriatic alkaloids.” 'I'lie mydriasis is only observed 
in the eye to which the alkaloid is applied. 

B. The pupil is contracted by: 

1. Physostigmine (eserine) and preparations of the Calabar bean. 

2. Pilocarpine and preparations of jaborandi. 

3. Muscarine, ncurine. 

A similar effect on the pupil is produced by the poisons when taken 
internally or hypodermically in sufficient quantities. Sometimes, as 
in the case of morphine and preparations of opium, the pupils are con- 
tracted during the early stages of the poi.soning, but dilated subse- 
quently, especially after death. Nicotine and preparations of tobacco 
in some cases cause contraction, and in others dilation, of the pupil. 
In poi.soning with aconitine alternate contraction and dilation of the 
pupil is sometimes observed. 

Most of the alkaloids are crystalline solids at ordinary temperatures 
but a few have only been obtained in an amorphous condition, e. g., 
pilocarpine, while others, especially those free from oxygen such as 
coniine, nicotine, and sparteine, are liquid and volatile. 

Some of the solid crystalline alkaloids may be sublimed, e. g., 
caffeine, and many of them yield characteristic sublimates, which may 
be used as a means of recognising them (compare Winter Blyth, 
'^Poisons and Their Detection,” 1909. 

Alkaloids are usually sparingly soluble in water and may be pre- 
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cipitatcd from solutions of their salts in water by the addition of alka- 
lies, but some alkaloids, e. g. morphine, re-dissolve in excess of the 
stronger alkalies, such as sodium, or potassium liydroxide. Most of 
ihem are soluble in alcohol, chloroform or amyl alcohol; many are 
soluble in ether or benzene, and a few are soluble in light petroleum. 

The salts of alkaloids are generally soluble in water or alcohol; but 
a few arc insoluble in water and have been used for die estimation of 
die respective alkaloids, e. g., quinidine hydriodide, cinchonidine 
hydrogen tartrate; diose of the less basic alkaloids are hydrolysed by 
excess of water and consequently the free alkaloid may often be ex- 
tracted in such cases liy shaking an acid solution of the alkaloid with 
an immiscible solvent (compare Hill, Pliarm. J., iqoo [{:], 10, 185; 
v^chaer, ibid., p. 308; Kippenberger, Zcil. Anal. Client., 1900, 39, 
202, 290; Proelss, ApotJi. Zcil., 1901, 16, 434; Springer, ibid., 1902, 17 
225; Simmer, Arch. Pit arm., 1906, 244, 672). 

Most alkaloids are colourless, berberine and sanguinarine being two 
notable exceptions. 

The alkaloids are generally optically active, most of them being 
la vorotatory. In some cases d’le salts show an optical rotation oppo- 
site in kind to diat of die free base (c. g., nicotine and aconitine). 

REACTIONS OF THE ALKALOIDS. 

General Precipitants. — Alkaloids as a class give precipitates with 
a considerable number of reagents, especially widi compounds of 
some of die heavy metals. 'I'lie three precipitants of most general 
apj)licability are a solution of iodine in potassium iodide, a solution 
ol phosphomolybdic acid, and a solution of the double iodide of 
mercury and potassium, but no one of these will precipitate every 
alkaloid. With the exception of tannin, which should be applied in a 
neutral or faintly alkaline solution, die precipitants should usually be 
iuldi'd to a solution of the liase slightly acidified with sulphuric or 
acetic acid, but in some cases (as in the precipitation of certain picrates) 
the solution should be distinctly acidified widi sulphuric acid. As 
tests for the presence of alkaloids, a drop or two of the selected precipi- 
tant may be added to a few drops of the liquid under examination, 
contained in a watch-glass. 

Picric Acid, CflH2(N02)3.0H [HagePs Reagent] (Zeit. AnalChim.^ 
9, no; 1881, 20, 415).— When used as a test for alkaloids, picric 
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acid is best employed in saturated, cold, aqueous solution. The 
alkaloidal solution should be rendered distinctly acid with dilute 
sulphuric acid, except in cases where the alkaloidal picrate is only 
thrown down in neutral solution. The precipitated picrates have 
usually a pale yellow colour, and are generally crystalline or become 
so on standing, the forms in many cases being characteristic. 

Picric acid produces no precipitate in 0.02^0 solutions (acidified 
witli sulphuric acid) of caffeine, coniine, morphine or theobromine; 
and aconitine, atropine, nicotine, and veratrine are precipitated in 
fairly concentrated solutions only. Atropine and morphine are 
precipitated from tolerably concentrated neutral solutions. Copious 
precipitates are produced by picric acid in acidified solutions of ber- 
berine, delphinine, emetine, the cinchona alkaloids, opium alkaloids 
(except morphine and pseudomorphine), strychnine and brucine. 
Picric acid is especially suitable for the precipitation of the cinchona 
alkaloids and Hager has devised a process of assaying cinchona bark 
based on that fact (see page 489). The following are the limits of 
dilution at which precipitation occurs, and the characters of the pre- 
cipitates, according to T. G. Wormley: 


Alkaloid 


Character <jf precipitate 


Limit of 
precii)itatiQn 


Nicotine Amoijjhous, changing to crystalline tufts; soluble 

in nicotine. 

Coniine Amorphous, or lif^uid globules becoming crystal- 

line; soluble in coniine anti acetic acid. 

Morphine Amondious 

Ctxleine Amorphous 

Narceine Amorphous; soluble in acetic acid 

Strychnine Amorphous, quickly assuming characteristic 

crystalline form.s. 

Brucine Amorphous, becoming crystalline 

Aconitine Amorphous; insoluble in ammonia 

Atropine ; Amorphous, changing to characteristic crys- 

talline forma; soluble in weak acids, including 
acetic. 

Veratrine ! Amotphous; soluble in weak acids, including 

j acetic. 

Jervine 1 Amorphous 

Solanine Gelatinous; soluble in excess of picric acid solu- 

tion. 

Gelsemine Amorphous 


I : 40,000 

I : soo 

1 ; 500 
I : 2,000 

I ; 5,000 
1 ; 20,000 

I : 10,000 
I : 5,000 

I : 1,000 

I : 5.000 

I : 1,000 
I : 1,000 

I : 500 
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The alkaloids may be recovered from their picrates by mixing the 
moist precipitate with sodium carbonate, drying the mixture, and 
extracting with alcohol; or the picrate may be shaken with ammonia 
and a suitable immiscible solvent. 

Picrolonic acid {^-nitro~i-p-nitrophenyl-y methyl- ^-pyrazolone) has 
been found useful as a reagent for alkaloids, since it yields character- 
istic crystalline picrolonates with coniine (m. p. 195.5°), nicotine (m. p. 
213°), strychnine (m. p. 275°), brucine (m. p. 256°), morphine (m. p. 
186.5°), codeine (m. p. 219°), atropine (m. p. 194°), quinine (m. p. 
225°) and hydrastine (m. p. 220°). They consist usually of i mol. of 
base combined with i mol. of acid, but quinine combines with 2 mol. 
of the acid. No compounds with aconitine, cocaine, or caffeine have 
been obtained. The reagent is best applied in alcoholic solution 
(Warren and Weiss, 7 . Biol. CJiem., 1907, 3, 327). It docs not seem 
well suited for the estimation of alkaloids (compare Matthes and 
Ramstedt, Arch. Phann., 1907, 245, 112; Zeit. A 7 ial. Chcni., 1907, 

46, 565)- 

Tannic acid precipitates the great majority of the vegetable alka- 
loids. The precipitates arc usually soluble in weak acid or ammonia 
solution. 

The tannates of aconitine, brucine, caffeine, colchicine, moq:)hine, 
physostigminc (eserine), and veratrihe are dissolved by dilute acetic 
acid and quinine tannate by somewhat stronger acid. The tannates 
of aconitine, berberme, brucine, caffeine, cinchonine, colchicine, 
niircotine, papaverine, tlicbaine, solanine, strychnine, and veratrine 
resist more or less perfectly the action of cold dilute hydrochloric acid. 
The tannates of aconitine, physostigmine (eserine), quinine, solanine, 
and veratrine are not dissolved by cold dilute sulphuric acid. Aconi- 
tine, physostigmine (eserine), and veratrine arc completely precipitated 
by tannic acid from solutions strongly acidified by sulphuric acid, but 
only partially from slightly acidified solutions. 

An alkaloid may be recovered from its tannate by mixing the moist 
precipitate witli freshly precipitated lead carbonate or hydroxide, 
drying the mixture, and boiling it ^^dth alcohol or other suitable solvent, 
which, on evaporation, will often leave the alkaloid in a characteristic 
crystalline form. 

Phosphomolybdic Acid (Sonnenschein’s Reagent). — This is 
one of the most useful general reagents for alkaloids and is also used 
for separating them from foreign matter. It is prepared by acidifying 
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a warm solution of ordinary sodium phosphate with nitric acid, ami 
adding an excess of ammonium molybdate solution, d'he yellow- 
precipitate is separated, washed with water, acidified with nitric acid, 
and dissolved in a hot solution of sodium carbonate. The solution is 
evaporated to dryness and ignited at a low red heat till all ammonium 
salts are volatilised, the residue moistened with nitric acid, and again 
ignited. The product, consisting of sodium phosphomolybdate is 
dissolved in 10 times its weight of a mixture of i vol. of strong nitric 
acid (sp. gr. 1.42) with 9 vol. of water. 

Sonncnschcin’s reagent gives yellow, usually amorjdious precipitates 
with nearly all alkaloids, and as most of the precipitates are very 
insoluble, a negative reaction with Uie reagent affords in many cast s 
positive proof of the absence of alkaloids; but, on the other hand, 
ammonium salts and other non-alkaloidal substances are also pre- 
cipitated by Sonnenschein’s reagent. The phosphomolybdates are 
decomposed by ammonia, in some cases with the jiroduction of a while 
precipitate of the liberated alkaloid, which can usually be dis.solvtd 
by agitation wdth a suitable solvent, but when the alkaloid is readily 
oxidisable, treatment of the phosphomolybdate with ammonia is 
attended witli the formation of a blue or green colouration indicating 
reduced molybdic acid. This occurs in tlie cases of aconitine, atropine, 
berberine, codeine, colchicine, coniine, morphine, nicotine, physostig 
mine (eserine), etc. When this occurs the alkaloid is best recovered 
by mixing the moist precipitate with, potassium or sodium carbonate, 
and extracting rapidly with strong alcohol. 

Phosphotungstic acid, Scheibler^s reagent, is used in a similar 
manner to Sonnenschein’s reagent and gives similar reactions with 
alkaloids. It is prepared by dissolving 100 parts of sodium tungstate 
and 60 to 80 parts of sodium phosphate in 500 parts of water, and add 
ing nitric acid till the reaction is acid; or ordinary sodium lungstaie 
may be/ligested with half its weight of phosphoric acitl of 1.13 sjj. gr. 
and allowed to stand for some days when phosf)hotungstic acid will 
separate in crystals. Scheibler’s reagent precipitates 1:200,000 solu 
tion of strychnine and i; 100,000 solution of (juinirie. The alkaloids 
may be recovered from their phosphotungstates in the same manm r 
as from their phosphomolyl) dates (see above). 

Metatungstic acid, silicotungstic acid [R. Godeffroy], and 
Phosphoantimonic acid [Schultze] have been proposed as prccipi 
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tanls for alkaloids, hul the advantages claimed for them have not led 
to their general adoption. 

Bromine dissolved to saturation in strong Jiydrohromic acid has keen 
recommended as a general reagent for alkaloids by T. G. Wormley. 
It is probable that hydrochloric acid might be substituted for the 
hv(lrol)romic acid, without detriment to its efficacy. Worwiey's 
rciiiicfit produces yellow amorphous precii)itates in solutions of many 
alkaloids, and crystalline precipitates with atropine, hvoscyaminc, and 
verairine, the microscopic appearance of the precipitate being in each 
case characteristic. C. L. Bloxam {Cliem. N'c'ivs, 1883, 47, 215) has 
j)oiiiled out that certain of the alkaloids give characteristic colour 
HMCtions when bromine water is added droj) by drop, to their solutions 
ill dilute hydrochloric acid. Thus brucine is stated to yield a violet 
colour, and strychnine the same on boiling; narcolinc a rose pink, 
and the same with cpiinine, changed in the latter case to the charac- 
teristic grass-green colour on adding ammonia. With excess of 
hromine, strychnine, brucine and narcotine readily give yellow pre- 
cipitates; while (piinine, morphine and cinchonine arc only precipitated 
with difficulty or from strong solutions. 

Iodine, dissolved in a solution of potassium iodide 
yields reddish or red-brown precipitates with nearly all the alkaloids, 
even ii\ very dilute solutions. The ])recipitates are formed more 
readily in solutions slightly acidified with sulphuric acid. The quan- 
tity of the reagent used should be insufficient to colour the solution yel- 
low. Precipitation is so general and occurs in such dilute solutions, 
that a negative reaction is almost conclusive proof of the ahsoice of 
ordinary alkaloids, though precipitation is not conclusive proof of the 
presence of an alkaloid. The precijiitates from aqueous solutions are 
usually amorphous, though codeine, narceine and strychnine are 
exceptions. In alcoholic solutions the precipitates are sometimes 
uot formed, or are deposited very slowly; hut when produced they are 
often of different character from those yielded in aqueous solutions, 
und ill some cases are crystalline. The precipitates are mostly per- 
iodidesof the alkaloids, the formula' in some cases being very complex. 
I hus with quinine there is first a formation of BHI, 1 ; with more of 
the reagent BIII,I^ is obtained; xvhile in alcoholic solution, in pres- 
of free sulphuric acid and with an excess of the reagent, the 
ourious quinine iodosulphale or herepathite B^,3lIoSO.,,2lTI,I ,,3H..O 

produced. The periodides of the alkaloids have been studied ex- 
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tensivcly by Prescott and Gordin (/. Amer. C/iem.Sor., 1898, 20, 706; 
1899, 21, 231; Arc/i. Pharni.j 1899, ^37, 380, 439), who have based 
on their formation a general method of estimating alkaloids dependimr 
on the addition of the alkaloidal solution to a known volume of stand 
ard iodine, and the titration of the excess of iodine left in solution, after 
complete precipitation of the alkaloid periodide. For a further 
development of the method see Gordin {PJiarm. Archives^ 1899, 2, 
313; Arch. Pharm.y 1900, 238, 335; 1901, 239, 214, 645) but comj)are 
Kippenberger {Zeit. And. CJiem., 1903, 42, loi). The alkaloids may 
be recovered from tlieir periodidcs by treating the precipitate with 
sulphurous acid, a sulphite and dilute sulphuric acid, or sodium 
thiosulphate, and then adding an alkali and shaking with a suitable 
immiscible solvent. Treatment with sodium thiosulphate, avoiding 
excess, is a convenient means of purifying the periodidcs from adher 
ing foreign matter. The reduced solution is filtered and again treated 
w'ith Wagner’s reagent, when tlie periodide is obtained in a condition 
of purity. 

The strength of Wagner’s reagent may vary within wide limits, 
but ordinary X/10 solution of iodine is suitable for general use. 

Cadmium potassium iodide [Manners reagenl], employed in solu- 
tions acidified with sulphuric acid, gives with alkaloids precipitates 
which arc at first amorphous, but which often become cry'stalline on 
standing. They are soluble in alcohol, and in excess of the cadmium 
solution. 

Bismuth potassium iodide [Dragendorff’s reagent], is best made 
by mixing 16 volumes of the British Pharmacopa ia solution of bis 
muth citrate with i of strong hydrochloric acid (sp. gr. 1.16), ami 
adding potassium iodide equal in weight to the hydrochloric arid 
used (J. C. Thresh). The resulting liquid has an orange colour, and 
when added to solutions of alkaloids, strongly acidified with sulphuric 
acid, forms orange-red precipitates, which appear to be, in most cases, 
wholly insoluble in cold water. The following are the limits of delicacy 
according to Thresh {Pharm. Joiirn., 1880 [r/i], 10, 641, 809): Strych- 
nine, I in 250,000; fjuinine i in 200,000; ejuinidine i in 150,000. 
cinchonidinc i in 125,000, narcotinc i in 50,000; brucine and aconitine 
I in 40,000; atropine i in 25,000; morphine and narceine, i in 20,000; 
codeine i in 17,500; apomorphinc i in 12,500; berberine i in 6,000; 
caffeine i in 3,000. (See also F. Mangini Gazetta, 1882, 12, 155)- 
Thoms {Ber. Dent. Pharm. Ges.^ 1905? 15 » 85) has recently used tins 
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reagent for the isolation of alkaloids as part of a general method of 
estimation, the alkaloids being regenerated by the action of sodium 
carbonate and hydroxide, extracted with ether and titrated with N / 100 
hydrochloric acid in presence of iodeosin. 

Potassium mercuric iodide [Mayer’s reagent] is prepared by 
dissolving 6.775 grm. of dry crystallised mercuric chloride and 25 grm. 
of potassium iodide separately in water, mixing the solutions so 
obtained, and diluting the mixture to 1,000 c.c. The solution thus 
obtained is .V / 20 and of convenient strength for general use, though of 
only one-half the strength originally proposed by F. F. Mayer (Chem. 
Neu'S, 1863, 7, 159). A. B. Prescott has pointed out {Chem. News, 
1882, 45, 1 14, 123) that the proportions of mercuric chloride and 
potassium iodide used in making Mayer’s solution correspond to 
HgCU l-bKI, which might be supposed to react to form 2KI,Hgl2-f 
2KI-}-2Kri; but the reactions of the solution point rather to the 
formula KI,Hgl2 + 3KI+ 2KCI. Nevertheless the proportion of 
potassium iodide cannot be greatly reduced without precipitation of 
mercuric iodide; but a permanent solution can be obtained with mer- 
curic chloride, potassium iodide, and potassium bromide, used in the 
proportion indicated by the formula IIgC'l2+4KI-f KBr. Mayer’s 
reagent precipitates the great majority of alkaloids, and in some cases 
from very dilute solutions. Applied, as it always should be to solutions 
rendered distinctly acid by hydrochloric or sulphuric acid, ammonia 
does not interfere, but the solution to be tested must not be more than 
slightly alcoholic, and must not contain acetic acid. The precipitates 
yielded by alkaloids with the reagent arc usually yellowish-white in 
colour, and curdy or flocculent. They arc more or less soluble in 
alcohol, ether, acetic acid, iodides, and sometimes in an excess of the 
reagent. Certain other organic matters besides alkaloids are also 
precipitated by Mayer’s reagent, which therefore loses much of its 
value when applied to unpurificd solutions. 

It is occasionally employed as a means of making an approximate 
volumetric estimation of the alkaloid present in a solution; but 
unfortunately the composition of many of the precipitates obtained 
with it varies to a serious extent with the concentration of the solution, 
die proportion of acid present, and the excess of the reagent. 

With strychnine, the composition of the precipitate produced by 
Mayer’s reagent approximates to BHTHgl,; with morphine it appears 
lo be a variable mixture of B(lII)4,(Hgl2)3 and B(HI)8,(Hgl2)8; 
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while with quinine the precipitate is not far from the composition 
B2(HI)3,(Hgl2)3. These formulae refute the statement made by 
Mayer and reproduced by various writers, that the precipitates are of 
definite composition, containing either i, 2, or 3 molecules of the base. 
It has been proved by Lyons that the precipitates nearly always con- 
tain a smaller proportion of mercury (oftenTess than three-fourtlis) 
than has been assumed to be present in them. The subject has also 
been investigated by Prescott (Chem. News, 1882, 45, 114, 123). 

If Mayer’s reagent is added until precipitation ceases, there will 
always be a large excess of the reagent present. This excess bears a 
relation to tlic dilution of tlie liquid, and the more dilute the solution, 
the larger the volume of Mayer’s solution requisite to effect complete 
precipitation. Hence, in order to render titration with Mayer’s 
reagent of any value, it is essential that the solutions operated on shall 
be nearly of uniform concentration, and that tlie reagent be added in 
exactly the same manner. It is further desirable, whenever possible, 
to make an experiment, side by side with the alkaloidal solution, with 
a known weight of the same alkaloid in a state of purity, to avoid any 
assumption as to tlie behaviour of the volumetric solution with the 
alkaloid in question. 

The following is the usual method of performing the titration of an 
alkaloid with Mayer’s reagent: The solution, which should be dis- 
tinctly acid and contain, as a rule, 0.5% of the alkaloid, is treated with 
the reagent as long as a distinct precipitate is produced. As there is no 
definite end-point and no satisfactory indicator has been as yet devised.^ 
it is ncccssar)' to filter a portion of the solution to ascertain if the pre- 
cipitation is complete. A minute filter, alx)ut half an inch in diameter, 
supported on a ring of platinum wire, may be used. A drop or two of 
the filtered liquid’ is placed on black glass, or on ordinary glass or 
black paper, and a drop of the volumetric solution added from ihe 
burette, when the faintest turbidity will be readily perceived. Before 
the end of the titration all the trial-filters and test drops are returned 
to the solution containing the main quantity of the precipitate. 

^ Mayer proposed to ascertain the excess of the reagent by titrating back with standard 
silver nitrate solution, without filtering, using potassium chromate as an indicator As 
pointed out by Lupinski, the suggestion ignores the accumulation of chlorides and iodidi s 
in the solution, as also the fact that some of the precipitates react but slowly with sihtr 
nitrate. Recently Heikcl has suggested (Chem. Zeit,, 1908, 32, 1149, 1163, 1186, i 
that titration with Mayer’s reagent may be much improved by adding the reagent in ex- 
cess to the alkaloidal solution, titrating the excess by addinj^ a known excess of potassiiun 
cyanide and e8tim.ating the unused cyanide by titration with standard silver nitrate, m 
presence of ammonia. 

* A convenient form of filter-tube for the purpose has been described by Bird (Pharm. 
Jour., 1887 [iH], 17. 836), 
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The end of the action is the point at which the reagent ceases to 
produce a precipitate, and it is worthy of notice that, before this point 
is reached, a condition of equilibrium is attained, in which the solution 
is liable to be precipitated by the addition of cither alkaloidal solution 
or the mercury reagent. 

Lyons has investigated the behaviour of various alkaloids with 
Mayer’s solution, noting the effect of concentration and the volume of 
the reagent required to precipitate completely a definite weight of 
alkaloid; in addition, the volume required to produce an apparent 
excess of the mercury reagent (so that the liquid would give a prcciiii- 
tate with more of the alkaloidal solution) ; and also the actual excess of 
Mayer’s solution used, as estimated from the quantity of mercury 
present in the solution. 

Lyon’s results are given in the following table, reproduced from his 
Manual 0/ Pharmaceutical Assaying. The mercurial solution was 
A720, and o.i grm. of alkaloid was employed in each case: 

From a study of this table by Lyons, it appears that while a notable 
excess of the reagent is generally needed to effect complete precipitation, 
the weight of the precipitate is in many cases considerably below the 
amount indicated by theory'. Better results in this respect are obtain- 
able by allowing the liquid with the suspended precipitate to stand for 
some time. Lyons states that, under these circumstances, the atropine 
precipitate becomes dense and cry'stalline and in part adheres to the 
beaker, in wliich it can be washed by decantation, dried, and weighed, 
the amount thus found falling little short of the theoretical weight of 
0.245 grm, for 0.100 of alkaloid. 


Vol. VI.— 13 
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Alkaloid 

Solution 


Volume of reagent 
in c.c. 

■ 

Weight of 
alkaloid 
precipitated 
by I c.c. of 
reagent 

Weight of 

Condi- 

tion 

Con- 

cen- 

tra- 

tion 

For 
appar- 
ent ex- 
cess 

For com- 
plete 
precipi- 
tation 

Used 

in 

excess 

precipitate 
after 
drying at 
100“ 


u 





.0141 

.0077 
.007 a 

. 0067 
.0263 

.0257 

. 180— . 190 
. 216-. 220 




7 0 

ti-t 

14 . 0 
ISO 
3.8 

3.0 

3 ..S 


1 1 

400 


• I 


. 192 -. 200 









; 

400 

6oo 


30 

4.6 





I 



. 200—. 2 1 1; 


Nearly 

neutral. 

Nearly 

neutral. 

T 


8.0 


.0125 


1 :40o 

1 :400 


8.8 





9.8 





Nearly 

neutral. 




.0109 

.0073 

.0074 

.0064 

.0078 

.0072 
.0093 
.0071 
' .0082 




TOO 


13.8 

13 s 

i.S .6 






1 -j \ 


■ 330 -.J 7 S 



, 



2,6 






0.8 




1 

Trtrt 


14 .0 







7 0 


. 333 -. 34 S 

Cinchonine 

Acid 


500 

8.0 



Cinchonine 



400 

400 

8.0 

12:4 



Cinchonine 

Acid 



14-18 


.007 to .00S6 
.0078 
.0069 
.0063 I 

.0109 j 

.0088 j 


Cocaine 





.246 

Cocaine 




400 

10 . o 

14.4 

16.0 

4.6 

5.2 

Cocaine 





Colchicine 

1 I 


3 * ^ 

9. J 
11.4 


. 1 60 

Colchicine 


400 

4 . 2 


Colchicine 




12.6 


. 0080 ^ 


Colchicine 




4*0 

14.6 


.0067 

.0106 


Emetine 




8!o 

9 ' 4 

0.4 

. 256 

Emetine 



400 

8.8 

10.2 

1 1 0 

.0098 

Emetine 





10.6 

0.6 

.0094 
.0096 ; 

.0084 
.0135 
• 0 I 2 S i 


Gelsemine 




5.8 

10.4 

12.0 


. ,85-. 200 

Gelsemine 



400 

6 . 5 


Hydrastine.. . . 




7 4 


. 200-. 210 

Hydrastine 



400 


8.0 


Hydrastine 





8.4 



Hyoscyamine. . . . 





8.S 


nt t6 

.220- . 250 
.190-. 240 

Morphine 




7 • o 

4.91 


!ot28 

Morphine 



400 


1 8.9 

1 0.6 

.0110 

Pilocarpine 



4.8 

' ,6.8 


.0060 

.240-..’, .SO 

Pilocarpine 





20.0 


.0050 ! 

. 0061 

Quinine 




I I .6 i 

16.4 



Quinine 

Ar-ifl t 

200 

I 2 A ' 

18.0 j 


. 0056 
. 0060 

.310 -. ,535 

Quinine 

■ 

400 

6oo 

12.8 ! 

16.8 1 


Quinine ... 

I , 


20.0 1 


.0050 
. 0091 


Strychnine 



200 

12.2 j 

II .0 1 

0.6 

. q6o-. 275 

Strychnine 


1 

400 

400 

6oo 

11.6 I 

12.0 1 

.0084 

.0082 

Strvchnine 



1 1 1 . 6 1 

12,2 



Strychnine 



t I I . 3 i 

11,9 ' 

0.6 

.0087 ; 




! 1 





The following data showing the behaviour of alkaloids with Mayer’s 
'reagent are tabulated from the descriptions of Dragendorff {Plant 
Analysis and Analyse Chimique de quelques Drogues Actives): 
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Alkaloid 


Aconitine.. . . . . 
Pscudaconitinc. 

Atropine 

Atropine 

Hyoscyamine. . 

Emetine 

Coniine 

Coniine 

Nicotine 

Strychnine 

Strychnine 

Brucine 

Brucine 

Colchicine 

Morphine 

Narcotine 

Veratrine 

Veratrine 

Physostigmine 
(escrine) . 

Bcrberine 

Chclidonine. . . . 
Sanguinarine .. 

8 uinine 

inchonine . . . . 


Dilution 

of 

solution 


1 :2oo 
1 :33o 
1 :aoo 


1 .200 


I ;6oo 


Milli- 
grams of 
alkaloid 
pptd. 
by 1 c.c. 


U.45 

19.4 

4.8s 

4.14 

3-49 

9-45 


; Correction 
for solu- 
bility. 
Mgrms. 
for ro c.c. 
filtrate 


Conditions of precip- 
itation 


Dragendorff. . . 
Dragendorff. . . 
Dragendorff. . . | 
Dragendorff ! 
Dragendorff 
Dragendorff 


I Ample time required 
I for precipitation. 


6.25 I I Dragendorff 


8.35 

8.30 

9.8s 

11.65 
IS.8S 
10.00 

10.65 
14.80 
13.50 

6.87 


Mayer. . 


. ! Dragendorff . . . ! 


ii: 


Faintly acid only. 

KCl present. 

Sol. strongly acidi- 
fied. 

i Dragendorff. . . ] 

i Dmg'endorii: ! : | ) '“'"‘'y “'y- 

i D?/gendorf; : ; i } Sol- "'onsly acid. 

Dragendorff. . . 1 

! Dragendorff . . . ! 

I ^aycr* } Slightly acid solution, 

I Masing | 


8.37 

7.42 

5-40 

5-10 


Beach . 
Masing. 
Masing. 


Hereth {Pharm. Record, 1886, p. 209) has proposed an improved 
method of operating with Mayer’s reagent, which allow^s ample time 
for the precipitate to form. A number of equal portions of the solu- 
tion to be tested are treated with the mercurial solution in volumes 
increasing regularly by o.i c.c., and allowed to stand 8 or 10 hours. 
Trial -portions of each mixture are then removed and tested with 2 
drops of Mayer’s solution, when a particular mixture will be found to 
have the mercurial solution in slight excess, while in the previous mix- 
ture it is deficient. The true amount lies between the tw^o, and it is 
easy to ascertain the exact volume required. 

Gordin has pointed out that although the composition of alkaloid al 
precipitates with Mayer’s reagent varies, yet the amount of hydriodic 
acid in relation to the amount of alkaloid in the precipitate remains 
constant and has based on this observation a method for the estimation 
of alkaloids volumetrically. The alkaloid is dissolved in a knowm 
quantity of standard hydrochloric acid and precipitated completely 
by Mayer’s reagent (or iodine solution, see page 189). The acid 
remaining in solution is then estimated. The relation between alka- 
loid and acid carried down being known from a preliminary estimation 
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made with the pure alkaloid, the quantity of acid carried down and 
consequently the quantity of alkaloid in the precipitate can be calcu- 
lated (Ber.^ 1899, 32, 2871, and Arch. Pharm., 1900, 238, 335; 1901, 
239, 214, 645) but compare Kippenberger {Zeit. Anal. Client.^ ^903, 
42, lOl). 

Strychnine, brucine, and quinine are among the alkaloids yielding 
the least soluble precipitates with Mayer’s solution. With atropine, 
coniine, nicotine, and morpliine the reaction is far less delicate, and 
solanine, colcliicine, caffeine and theobromine arc not precipitated at all. 

Mercuric chloride, HgClj gives, with certain alkaloids, precipi- 
tates of which the crystalline form or m. p. is characteristic. 
As a rule the precipitates have the composition represented by the 
formula B. HCl, HgClj, though the atropine compound has tlie formula 
B.HCl,2HgCl2, and are less insoluble than those produced by Mayer’s 
reagent. 

Auric chloride, AuCl.,, gives yellow precipitates of alkaloidal auri- 
chlorides with hydrochloric acid solutions of many of the alkaloids. 
They are generally rcpresj?nted by the formula B.nCl,AuCl3. Com- 
pounds of the type B.AuClj are also known and others* such as auro- 
chlorcaffeine, in which the group AuCl, replaces i hydrogen atom 
in the alkaloid (Dunstan and Shepheard, Trans. Chem. Soc.^ 1893, 
63, 201, and Dunstan and Harrison, ibid.y 443). Auric chloride has 
the advantage that ammonium salts arc not precipitated by it; but the 
precipitates are unstable, the yellow colour in many cases rapidly 
changing to reddish-brown, while the supernatant liquid occasionally 
acquires an intense red colour, especially if the alkaloidal solution is im- 
pure. The aurichlorides of the Solanaceous alkaloids are particularly 
useful for the separation and identification of members of this group. 

Platinic chloride, PtCl^, is a useful reagent for many alkaloids, 
with the hydrochlorides of which it combines to form platinichlorides. 
In some instances these double salts have the formula BjHjPtClg and 
in other cases B2,H2PtCl<,. Some of the cinchona bases form platinum 
salts of both series. 

The platinichlorides of the alkaloids vary in colour from pale yellow, 
through orange and red, to brownish-red. They are mostly sparingly 
soluble in water, and hence are usually formed as precipitates on adding 
platinic chloride to a solution of the alkaloid acidified with hydro- 
chloric acid. Xanthine, caffeine, colchicine, and pelletierine are 
among the alkaloids not precipitated. Of the rest the platinichlorides 
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of quinine, cinchonine, morphine and strychnine arc among those 
dissolved by hydrochloric acid. The m. p. of the alkaloidal 
platinichloridcs are often characteristic. 

Potassium permanganate, KMnO^, produces characteristic reac- 
tions with certain of the alkaloids. Beckurts and List have exam- 
ined the behaviour of a number of them, by adding a solution of 
the reagent, drop by drop, to a cold saturated aqueous solution of the 
hydrochloride of the base. Immediate reduction of the perman- 
ganate, with separation of brown manganese di-oxide, was observed 
with the hydrochlorides of quinine, cinchonidine, cinchonine, cinchon- 
aminc, brucine, veratrine, colchicine, coniine, nicotine, physostigmine 
(eserinc), codeine and thebaine. The solutions of atropine, hyoscya- 
mine, pilocarpine, berberine, piperine, and strychnine were coloured 
red, the reagent being only gradually reduced. 

With morphine hydrochloride the permanganate produced a white 
crystalline precipitate of oxydi morphine, which, when filtered off and 
dried, could be recognised by its characteristic reactions, Apomor- 
phine hydrochloride immediately reduced the reagent, with production 
of an intense green colour. 

On adding a few drops of N/10 solution of potassium perman- 
ganate to a concentrated solution of narceine hydrochloride a reddish 
precipitate is immediately formed, which is very stable in the cold and 
in the absence of an excess of the reagent, but is decomposed on heating 
or by addition of more permanganate. Solutions of papaverine hydro- 
chloride, and of narcotine, if diluted with hydrochloric acid, at first 
behave similarly, but the precipitates are much less stable than narceine 
permanganate, and soon discolour and decompose with separation of 
manganese di-o.\ide, 

Geisel [PJianu. Zeit., 1886, 31, 132) has pointed out that cocaine 
gives a comparatively stable permanganate, which forms a purple- 
violet precipitate of characteristic microscopic appearance. The 
precipitate forms only slowly in dilute solutions, and undergoes gradual 
decomposition. Dunstan and Carr {Pharni, Joum., 1896 |n'], 2, 
1 21) have shown that aconitine yields a characteristic, crystalline 
unstable permanganate, whicli may be used as a test for this alkaloid. 

Colour Tests. 

Many of the alkaloids give brilliant and in some cases character- 
istic colourations when treated with appropriate reagents. The 
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statements made in the literature regarding the colours afforded 
by alkaloids with such reagents vary widely; thus it is not un- 
common to find one author asserting that a particular alkaloid 
yields a blue colour with some reagent, while a second author asserts 
that it remains colourless in contact with the same reagent. For this 
reason the reaction should be compared with that yielded by the pure 
alkaloid treated side by side ^\ith the specimen under investigation. 
The reagents, which have been proposed as colour-tests for alkaloids 
are very numerous, and have not always been chosen or applied with 
discretion, nor with a due regard to purity, d'he colour reactions 
may be classified as (i) those produced by dehydrating agents, such 
as strong sulphuric acid, phosphoric acid, and zinc chloride (2) those 
given by oxidising agents not of themselves yielding colours, such as 
nitric acid, clilorine, bromine or bleaching powder; or sulphuric acid 
and oxidising agents such as potassium chlorate, perchlorate, or per- 
manganate; (3) those given by oxidising agents, which themselves 
yield a coloured product by reduction, such as iodic acid and reagents 
containing chromic, molylxlic, tungstic or vanadic acids; and (4) 
colourations produced by certain special reagents, such as ferric 
chloride, hydrochloric acid, and sulphuric acid with sugar (see Mor- 
phine, page 366). 

As a rule the best method of observing the colour indication of an 
alkaloid is to apply a drop of the reagent by means of a glass rod to a 
minute fragment of the solid alkaloid placed on a porcelain plate or 
in a flat porcelain dish. An alkaloidal residue obtained by careful 
evaporation in a porcelain capsule of an alcoholic, ethereal, chloroform 
or other solution may be very conveniently employed for observing 
colour indications. 

Concentrated hydrochloric acid gives colour indications with a 
few alkaloids. Thus, reddish colours are yielded with physostigmine 
(eserine), veratrine (cevadinc), protoveratridine (on warming), 
veratridine (on warming), and veratroidine, and a yellow with thebaine. 
On addition of chlorine water after hydrochloric acid, berberine gives 
a red colour. Nicotine yields an amorphous hydrochloride and coniine 
a crystalline salt on evaporating the solution in hydrochloric acid. 

1 In using zinc chloride, Czumpelitz directs that the substance to be examined should 
be first carefully dried, moistened with a solution of i grm. of fused zinc chloride in 30 c.o. 
of water, and dried again. If thus treated, strychnine takes a scarlet colour, thebaine a 
yellow, nai^ne an olive-green, delphinine a red-brown, berberine a yellow, veratrine a 
red and quinine a pale yellow. The presence of brucine prevents the colouration of strych- 
nine, the tinge produced being a dirty yellow, (Giornale Farm. Chim., 1881.) 
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Concentrated sulphuric acid gives colour indications with a 
number of alkaloids, the colouration varying with the degree of heat 
applied. The following reactions have been observed when the acid 
is dropped on the solid alkaloid, without applying heat: No colour, 
or a faint straw tint only, is yielded by pure aconitine, atropine, caffeine, 
chclidonine, cinchonidine, cocaine, codeine (violet on warming), 
hyoscine (scopolamine), hyoscyamine, gclscmine, morphine (purple to 
brown on warming), nicotine, pilocarpine (blue, Reichard, Pkarm. 
Ccnlr- H, 1907, 48, 417), quinine, quinidine, staphisagrine, brucine, 
strychnine, physostigmine (cserine), and theobromine. Yellowish 
colourations arc given by colchicine, gnoscopine, jcrvine, and by 
giany other alkaloids in presence of impurities. Reddish colours are 
produced either immediately or gradually with impure aconitine, 
apomorphinc, cocaine (impure), coniine (pale red?), gelse mine (impure), 
mcconidine, narceine (changing to black), narcotine (yellowish-red 
changing to violet and blue), physostigmine, rhocadine, veratridine, 
proloveratridine, veratrine, veratroidinc, solanine (violet), taxine and 
thel)aine. Bluish colourations arc yielded by cryptopine, curarine 
(after a time), and papaverine (rose to violet on heating) (Hesse, J . 
pr. Chein., 1903 [//], 68, 190). Greenish colours arc given by beberine, 
berberinc, emetine (brownish to green), pipeline, pseudomorphine, 
protoveratrine (green to blue or violet), jcrvine, and sometimes by 
rhoeadinc. 

Some characteristic changes of colour can be obtained by gradually 
warming the capsule in wliich the test is being made, by placing it 
over a small beaker of boiling water. The ultimate result is usually 
browning and charring of the alkaloid, but the intermediate indications 
arc often of value. 

Many substances besides alkaloids give more or less brilliant colour 
changes with strong sulphuric acid. Thus red colourations (often of 
a brilliant hue) are obtained with amygdalin, columbin, cubebin, 
elaterin, hesperidin, phloridzin, populin, salicin, sarsaparillin, senegin, 
smilacin, syringin, and many tannins. 

In applying sulphuric acid as a colour test for alkaloids it must be 
remembered that the presence of a very minute quantity of nitric acid, 
often present as an impurity, greatly modifies the colourations pro- 
duced by many of the alkaloids. Thus, if the treatment with sulphuric 
acid (without applying heat) be followed by the addition of a very 
minute quantity of nitric acid (at the end of a glass rod drawn out 
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to a point), or a minute fragment of solid potassium nitrate, the 
following results will be obtained: ‘ 

No colour with atropine, caffeine, cinchonidine, cinchonine, nicotine, 
pilocarpine, quinidinc, quinine, staphisagrinc, strychnine, or theo- 
bromine; red colouration with brucine, curarine, narcotine (reddish- 
violet or blood-red), physostigmine (eserine), cytisine (orange-yellow), 
thebaine, and veratrinc (gradual change to cheriy-red). Special and 
peculiar changes of colour arc produced with this test by morphine, 
codeine, and colchicine, and by atropine (on further addition of sodium 
hydroxide), and are described in tlie respective sections on these 
alkaloids. 

Strong nitric acid, of 1.40 to 1.42 sp. gr., gives more or less char- 
acteristic colour indications with a number of alkaloids. A drop of 
this acid should be applied by means of a glass rod to a minute frag- 
ment of the alkaloid, or to a residue left on evaporating a solution on 
white porcelain. No colouration is yielded by aconitine (when pure), 
atropine (the residue on evaporation is coloured violet by alcoholic 
sodium hydroxide solution), cytisine, caffeine, cinchonidine, cinchonine, 
coniine, gelsemine (impure, greenish), quinidinc, quinine, strychnine, 
nicotine or theobromine. YeUaiuish colours are obtained with impure 
aconitine (colour varies from yellow to red and brown), codeine 
(orange-yellow), morphine (yellow to red), narceine, narcotine, 
papaverine (orange), piperine (orange), rhoeadinc, thebaine, and 
veratrine. Red shades are produced by impure aconitine (colour 
varies from yellow to red and brown), apomorphine, beberine (red to 
red-browm), berberine (red-brown), brucine (blood-red), papaverine 
(orange-red), pscudomorphine (orange-red), curarine and physostig* 
mine (eserine). Gelsemine yields a deep bluish-green residue on 
evaporation. Blue colours are said to be given by colchicine and 
solanine (pink, Cazeneiive and Breteau,C^;?r/>L Rend., 1899, 128, 887). 

Sulphomolybdic Acid [Frbhde^s Reagent].— This is one of the 
most useful of the oxidation tests for alkaloids but it must be borne 
in mind that the colours produced are those of lower oxides of molyb- 
denum, and that various other substances besides alkaloids readily 
reduce molybdic acid with the formation of these coloured oxides. 
The reagent itself, if strongly heated, acquires a blue colouration. It 

• Erdmann aimlies this test by mixing 6 drops of nitric acid of 1.25 sp. gr. with too c.c. 
of water, and adding 10 drops of the dilute acid bo obtained to so grm. of sulphuric acid. 
From H to 10 drops of the solution so prcijarcd, or Erdmann's Reagent, is added to i or 2 
mg. of the solid to be tested, and the colour observed after ao or 30 minutes. 
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is prepared by dissolving 5 nig. of molybdic acid or ammonium 
molybdate in i c.c. of strong sulphuric acid. No colouration is 
obtained with cinchonidine, cinchonine (blue, Rcichard, Pharm. Zeit., 
iyo5, 50, 314), coniine, delphinine, scopolamine, hyoscyamine, atropine, 
nicotine, strychnine, cafTcine, or theobromine. Yellowish colourations 
are given by aconitine, colchicine, and piperine. Reddish shades of 
colour arc produced by brucine, narceine (red, changing to blue), 
solanine, thebaine (orange), and veratrine (gradual production of a 
cherry-red colour). Bluish colours arc given by codeine (gradual 
production of deep blue), morpliinc (violet-blue, then dirty green, 
changing to deep blue), narceine (yellowish-brown, changing to red 
and blue), papaverine (bluish violet), staphisagrine (violet-brown). 
Greenish colourations arc produced by apomorphine (green to violet), 
beberine (brown-green), berberine (brown-green), emetine (red, 
changing to green, and turned blue by hydrochloric acid), quinine 
(pale green), and quinidine (pale green). 

Ferric chloride gives a few characteristic colourations, the most 
important being the blue indication with morphine, bluish-green with 
the mixed ipecacuanha alkaloids (Allen and Scott-Smith, Analyst, 
1902, 27, 345), and tlie gamet-red colouration with colchicine. A 
freshly made mixture of ferric chloride and potassium ferricyanide 
(free from ferrocyanide), in aqueous solution, has a yellowish-brown 
colour; but in presence of certain alkaloids it is immediately coloured 
blue (or green) owing to the production of Prussian blue. This 
reaction was at first regarded as characteristic of the ptomaines, but 
it is produced by any readily oxidisable alkaloid, and hence is given 
immediately by morphine, aconitine, physostigmine (eserine), etc., 
and after a short time by hyoscyamine, emetine, colchicine, nicotine, 
and many of the tar-bases. 

Oxidation colour changes arc also produced by reagents having 
a more powerful oxidising action than the foregoing. Thus strong 
sulphuric acid may be employed in conjunction with potassium nitrate, 
chlorate, perchlorate, permanganate, dichromate, and ferricyanide, 
or with metallic peroxides, such as those of manganese (MnOj), lead 
(PbOj), ruthenium (RuO,), uranium (UjOg), and cerium (CcjOJ. 
The most important of the colour indications obtained wdth such 
reagents are those given by strychnine, atropine, pereirine, quebrachine, 
curarine, and gelsemine {q. v.). 
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Reactions of the Alkaloids with Acids. 

Many of the alkaloids are strongly alkaline and most of them form 
well-defined salts but in other cases the basicity is feeble and no salts 
are formed with acetic and other weak acids and the salts with the 
stronger acids are dissociated in presence of water. Very few of the 
alkaloids form carbonates and consequently the alkali carbonates or 
alkali hydrogen carbonates (bi-carbonates) may generally be used to 
liberate them from aqueous solutions of their salts. Most of the 
alkaloids, even those containing more than i atom of nitrogen, behave 
as monacidic bases and form only one scries of salts with acids, thus 
B.lICl. Quinine and tlie cinchona alkaloids generally are, however, 
notable exceptions and behave as diacidic bases (compare Veley, 
Trans. Cliem. Soc.y 1908, 93, 2114, 1909, 95, i and 758). This 
subject of the basicities of the alkaloids is of great importance in con- 
nection with their volumetric estimation and has been dealt with already 
(page 181). 

In preparing salts of the alkaloids cold dilute solutions of the 
mineral acids only are used and when the concentrated acids are 
applied or when the alkaloids are heated, especially under pressure, 
with even dilute solutions of the mineral acids, much more profound 
changes occur. The concentrated acids generally give rise to char- 
acteristic colour changes, w'hich arc often employed as a means of 
identifying the alkaloids (sec page 198). Apart from the more or less 
complete decomposition w'hich generally accompanies these colour 
changes the chemical changes induced by mineral acids on alkaloids 
are of three types. 

1. Dehydration. — This occurs with alkaloids containing at least 
2 hydroxyl groups and results in the formation of the anhydro- or 
a/><7-alkaloids, typical cases being the production of u/x;- morphine from 
morphine and a/>o-atropine from atropine, represented by the following 
equations: 

Morphine. A/><>-mori)hine. 

C„H, 0,N = C„n„0,N + Hj0 

Atropine. zl/xj-atropine. 

2. Elimination of Methoxyl Groups. — A considerable number of 
the alkaloids contain methoxyl groups, e. g., codeine, quinine, narcotine, 
and papaverine. These alkaloids when heated with concentrated 
hydrochloric or hydriodic acid produces methyl chloride or methyl 
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iodide and leave as a residue a hydroxy-base. Thus the alkaloid 
narcotine may be regarded as the tri methyl-derivative of wor-narcotine, 
the latter being the ultimate product of the action of hydriodic acid 
on narcotine, thus: 

C,,Hi,0,N(0Me)3+3HI=C,JI^,0,N{0H)3+3MeI. 

Narcotine. Nor-narcotine. 

The quantity of methyl iodide eliminated in such reactions may be 
estimated by Zciscl’s method (Perkin, Trans. Cliem. Soc.^ 1903, 83, 
1367). Methyl groups attached to nitrogen are also eliminated as 
methyl iodide by the action of heat on the alkaloidal hydriodides and 
a development of Zeisel’s method has been applied to the estimation 
of such groups (Herzig and Meyer, Ber.y 1894, 27, 319). 

3. Hydrolysis. — Many of the natural alkaloids have the constitu- 
tion of esters and when heated with alkalies or mineral acids undergo 
hydrolysis yielding acids and alcohols or phenols. A few are at once 
alkaloids and glucosides, and on hydrolysis by acids yield a sugar and 
secondary alkaloids. 

Typical actions of this kind are the following: 

C ,, 1 I 3303 N -f H3O == C«H,,ON - 1 - 

Atropine. Tropine. Tropic Acid. 

Ci7H3,0,N-1-2H30 = C,H,503N+C.H„03-1-CH30H. 

Cocaine. Ecuoninc. Benzoic Methyl 

acid. alcohol. 

The decomposition of narcoline by the action of dilute acids, water 
or alkalies at 140° may also be regarded as of this class though this 
alkaloid is not strictly of the ester type. 

Narcotinc. Opianic,acid. llydrocolarine. 

With Alkalies. 

Dilute alkalies decompose alkaloidal salts and liberate the free 
alkaloids. In a few cases where the latter contain phenolic hydro.xyl 
groups, derivatives are formed with sodium or potassium hydroxide 
and consequently such alkaloids dissolve in excess of the alkali. 
This occurs with morphine and codeine. 

The action of hot dilute alkalies on the alkaloids is much the same 
as that of hot dilute acids and leads, for example, to the hydrolysis of 
the ester alkaloids. Thus the hydrolysis of atropine, cocaine or 
narcotine referred to above may be equally well brought about by the 
action of dilute alkalies, or in some cases by the action of water alone. 
The action of alkali hydroxides on hyoscyamine in alcohol changes 
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this alkaloid into its racemic isomcridc, atropine. The action of fused 
alkali hydroxides on alkaloids in some cases gives rise to colour 
changes similar to those produced by strong acids. The heating of 
alkaloids with dry alkali hydroxides leads generally to profound 
decomposition and the production of simple products such as pyridine 
or quinoline. 


With Methyl Iodide. 

The majority of the alkaloids are tertiary amines and, as such, combine 
with I molecule of methyl iodide forming the alkaloidal methiodidcs 
which are quaternary ammonium iodides and are occasionally character- 
istic. The chief interest of these derivatives is that they form the start- 
ing-point of a series of decompositions, which have thrown considerable 
light on the structure of certain alkaloids. For this scries of reactions the 
name “exhaustive mcthylation” has been coined and its importance 
in alkaloidal chemistry may be conveniently illustrated by the following 
series of reactions in the tropine group. 


C-UijON.Me — 'by loss of water 

Tropine. 


Tropidinc 


C^H.oNMeJ- 

Tropiidine 

methiodidc. 

C,H,NMc3-by 

Methyltro- 

pidine. 


l)y addition of- 
methyl iodide 
by action of rnoist-^C^UmNMejOH-^by action- 

cilvor nvifie Methyltrop-idine r v . 

silver OXKie ammonium hydroxide. Ot Hcat 

addition of 

iodide 


Methyltrop’idine 
ammonium hydroxide. 

methyl— ►CyllflNMegl—by action of— * 
iolhde* moist silver oxide 


C7H0NMe3OH— *by action of heat— C7H8 4 - NMCg-l' HjO 

Mothyltropidine Trirncthyl- Water, 

methyl ammonium amine 

hydroxide, Tropilidene. 

Tropilidene has been shown by Wiilstiitter {Ber. 1901, 34, 129) 
to have the formula CH — CH-~ CH 

CH 

II 


CH— CIIj— CH 

Tropilidene. 

This scries of reactions is best accounted for on the assumption that 


CHj-CH CH, 


tropine is represented by the formula 


N.jVIc CHOH 


CH,— CH CH, 

Tropine. 
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and from this the formula of atropine is readily derived, by the replace- 
ment of the hydrogen of the hydroxyl group by a tropic acid radical. 

This process of “exhaustive methylation” has been employed in the 
examination of a number of alkaloidal substances and is one of the 
most useful methods of investigation for this group. 

A few of the alkaloids are secondary amines and these react with methyl 
iodide to form tertiary amines, so that with these bases “exhaustive 
mclhylation ” starts a stage lower down. The reaction was first investi- 
gated by Hofmann and by Ladenburg for the secondary base piperidine 
{Ber., 1881, 14, 494, 659, 1346; 1882, 15, 1024; 1883, 16, 2057). 


Behaviour with Oxidising Agents. 


The study of the oxidation of alkaloids has in a number of cases thrown 
light on their constitution particularly in the group of uo-quinoline alka- 
loids including berberine, narcotine, hydrastine, papaverine, narceine, 
corydaline, etc. As an example of the importance of this method of in- 
vestigation, reference may be made to the work of Dobbic and Lauder on 
covy(ld\me (Trans. Chem.Soc,, 1902, 81, 145)- By oxidation withdilute 
nitric acid and permanganate this base yields the following series of 


derivatives: 

Corydaline. 

CoIE(COOH) 7 (OMe)j 

[, . 3 ..^ .4) . , 

llemivnnic acid. 


^ Cr:H!j04N 

Dehydrocorydaline. 

CuHuOjN 

Corydaldine. 

C,-,H:(COOH):(OMe)j 
m. Hemipinic acid. 


CisHitO^N Ci7Hk,0.sN 

Corydic acid. Corydilic acid. 


C«H:(COOH)2(OMe)2 CiTIN(COOH)« 
(1.2.4. 5] ^ [2, 3 - 4. 6 ] 

m. Hemipinic acid. Pyridine- 

tetracarboxylic 

acid. 


The ultimate products of oxidation therefore indicate the presence 
in the molecule of corydaline of 2 benzene rings and i pyridine 
nucleus, and it is mainly on the basis of the study of the oxida- 
tion products that the formula proposed by Dobbie and Lauder 
(loc. cii.) for corydaline is founded (compare Haars, Arch. Pharm., 
1905, 243, 165). Similarly interesting results were obtained by 
Goldschmiedt in the study of the o.xidation products of papaverine 
and by Ladenburg, Merling and others in the oxidation of tropine. 
Certain of the alkaloids in the wa-quinoline group under the action of 
oxidising agents undergo a kind of hydrolysis into base and acid, thus 
when narcotine is treated with dilute nitric acid, it decomposes into 
cotamine and opianic acid according to the equation (cf. page 203) 


C22H38NO7 -f H3O + O — CioHjoOj 4 - CjjHijNOi 

Narcotine. Opianic acid. Cotamine. 
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Behaviour with Other Reagents. 

The foregoing paragraphs give a brief resumd of the chief reagents 
which have so far proved most useful in the investigation of this group of 
compounds. In addition many of the alkaloids yield characteristic de- 
rivatives on reduction by the usual reagents, such as sodium amalgam, 
tin and hydrochloric acid, etc. When distilled with zinc dust, bases of 
the pyridine and quinoline scries arc usually obtained, depending on the 
nuclear structure of the alkaloid distilled. 

A number of the alkaloids contain hydroxyl groups and furnish 
esters when treated with acid anhydrides or chlorides. Hygrine is 
an example of an alkaloid containing a carbonyl group and ketonic 
compounds such as tropinone, cotarnone, etc., are not uncommon 
among the oxidation products of the alkaloids. These substances 
yield derivatives with the usual reagents for carbonyl groups, such as 
hydroxylamine, phenylhydrazine, etc. 

CLASSIFICATION OF THE ALKALOIDS. 

Much attention has been devoted in recent years to the investigation 
of alkaloids and considerable progress has been made in ascertaining 
the constitution of the more important members of the group. On 
the basis of this work some of the principal alkaloids may be classified 
according to their nuclear structure as follows: 

Pyridine Group. — Coniine and the other alkaloids of hemlock, 
piperine, nicotine, and the other alkaloids of tobacco, arecoline and 
the other alkaloids of areca nut. 

Pyrrolidine Group. — Atropine, hyoscyaminc and the Solanaccous 
alkaloids, cocaine and the other coca alkaloids, pcllelierine and the 
other alkaloids of pomegranate root bark. Sparteine. 

Quinoline Group. — Quinine, cinchonine and the other cinchona 
alkaloids, strychnine and brucine. 

wo-Quinoline Group. — Papaverine, narcotine, hydrastine, narceine, 
berberinc, corydaline. 

Phenanthrene Group. — Morphine, codeine, thebaine. 

Purine Group. — Cafifeinc, theobromine. 

Glyoxaline Group.— Pilocarpine. 

Amino-acid Group. — Asparagine, leucine. 

Choline Group. — Choline, muscarine, betaine, sinapine. 

Alkaloidal Glucosides. — Solanine. 

Alkaloids of Unknown Constitution.— Aconitine, veratrinc, 
yohimbine. 



VOLATILE BASES OF VEGETABLE 
ORIGIN. 


By frank 0 . TAYLOR. 

Certain plants contain bases which differ from the ordinary vegetable 
alkaloids, in being volatile, liquid at ordinary or only slightly raised 
temperatures, and in containing no oxygen. While resembling each 
other in the above respects, the volatile bases present little further 
resemblance. 

The volatile alkaloids are not numerous, being limited to the 
following substances, and a few others which have been but imper- 
fectly investigated. 

a. A recoline and other alkaloids of areca nuts. 

d. Coniine and the associated alkaloids of hemlock. 

f. Hygrine, the volatile alkaloids of coca. 

d. Lobcline, the alkaloid of lobelia. 

e. Lupinined, other alkaloid of lupines. 

/. Nicotine, the volatile alkaloid of tobacco. 

g. Pelleticrine and other alkaloids of the pomegranate tree. 

h. PUurine, the volatile alkaloid of pituri. 

i. Sparteine, the volatile alkaloid of broom. 

j. Spigeline, an alkaloid in Spigelia Marylandica. 

Piperidine, a volatile alkaloid said to exist naturally in pepper as a 
decomposition product of piperine, has already been described. (See 
page 141.) 

For the estimation of volatile alkaloids (e. g., coniine in hemlock, and 
nicotine in tobacco), A. Loesch {Jour. Amer. Chem. Soc.) recommends 
that a weighed quantity of the substance should be boiled in water 
acidified with hydrochloric acid, the residue pressed and washed with 
water. The solution and washings are evaporated to one-fourth, and 
then distilled with slaked lime (using a good condenser). When the 
liquid passing over is no longer alkaline to litmus, the distillation is 
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exactly neutralised with sulphuric acid, evaporated to dryness at loo^, 
and tlie powdered residue exliausted witli alcohol, which leaves the 
ammonium sulphate undissolved, while the sulphate of conine (and 
other alkaloids) pass into the solution. The filtered liquid is evapo- 
rated to dryness and the residue shaken three times with potassium 
hydroxide solution and ether, the ethereal liquid separated and shaken 
with a known volume of standard sulphuric acid, the ether distilled 
off or separated, and the excess of sulphuric acid determined by titra- 
tion. By tliis process, Locscli found 5.25% of nicotine in tobacco 
leaves, and 0.06% of coniine in the common hemlock plant. 

This distillation method is not, however, to be specially recom- 
mended, as some of the more commonly used methotls of alkaloidal 
extraction by volatile solvents are usually to be preferred. 

ARtCA OR BETEL-NUT ALKALOIDS. 

The Areca palm is indigenous to the Sunda Islands but is cultivated 
in the w’armer parts of India and the Pliilippines, and is an article of 
commerce. Extensive use is made of it in the Far East as a masticatory 
together with lime and the leaves of the betel pepper. According to 
von Bibra, betel chewers number upward of 100,000,000. The nut 
is used in India and China as a vermifuge and has from there been 
introduced into the European and American Materia Medica. 

From the seed of Areca catechu, Jalins (Ber., 1888, 21, 3404) has 
isolated four alkaloids, the principcil one, Arecoline, being volatile. 

Arecoline, CgHijOjN, is a colourless, odourless, oily liquid, 
strongly alkaline in reaction, and soluble in all proportions in water, 
alcohol, ether and chloroform. It boils at about 220° (Jahns) or at 
209° (Pictet) and is volatile with steam. In chemical character and 
physiological action it resembles pelletierine, it being a valuable ta?ni- 
cide. On hydrolysis it yields methyl akohol and arecaidine and i.^#- 
therefore 7 nethyl- arecaidine. 

For the preparation of arecoline, macerate the powdered drug with 
cold milk of lime in successive portions till exhausted; filter, exactly 
neutralise with sulphuric acid and evaporate nearly to dryness; take 
up with a little water and filter off the calcium sulphate, again concen- 
trate to a thin syrup, make alkaline and extract with ether. It may 
now be purified by extracting from the ether with dilute sulphuric 
acid, again rendering alkaline after concentration, taking up with 
ether, converting into hydrobromide and recrystallising this salt from 
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absolute alcohol. The yield is about 0.07 to 0.1%, The residual 
aqueous solution from wliich the first ether extract was made may now 
be acidified with sulphuric acid and the other alkaloids precipitated 
with bismuth-potassium iodide. For details of their separation and 
purification see the original reference to the Berichle, on page 208. 

Another method of preparation is by extracting the drug three times 
with cold water containing 2 grm. concentrated sulphuric acid per 
kilo of drug. Concentrate the acid solution to a weight about equal to 
the drug used; add bismuth-potassium iodide, being careful not to add 
excess, in which the alkaloidal precipitate is soluble, and let stand 
several days. Filter off, wash, and boil with barium carbonate and 
water; filter, concentrate to thin syrup, mix with barium oxide and 
extract arecoline with ether. From the residue the other alkaloids 
may now be obtained. 

Arecoline hydrobromide, C4Ii302NIIBr, occurs in colourless, 
necdle-likc prisms, permanent in air, melting at readily 

soluble in water, in hot— but less freely in cold— alcohol, but difficultly 
soluble in ether and chloroform. This salt is official in tire German 
Pharmacopaid. 

The hydrochloride forms slender, deliquescent needles, melting at 
157-158°, readily soluble in water, alcohol and a mixture of alcohol and 
ether. It seems to form several double salts with cadmium chloride. 

The sulphate, nitrate and acetate resemble the hydrochloride. 

The aurichloride, CaliiaOjN, IT Au CT^, is a yellow oil, sparingly 
soluble in cold water. 

A platinichloride, (QHisOjN),, H.Tt Clc, is precipitated from 
mixed alcoholic solutions of arecoline hydrochloride and platinum 
chloride by addition of ether. Forms rhombic crystals from water, 
melting with decomposition at 176°. 

The most delicate reaction of arecoline is the formation of a pome- 
granate red precipitate with bismuth-potassium iodide, in the form 
of microscopic crystals. Phospliomolybdic acid produces a white pre- 
cipitate. Potassium-mercuric iodide throws down from not too dilute 
solutions, a yellow, oily precipitate which very slightly crystallises. 
Iodine produces brown drops and picric acid a resinous precipitate, 
both of which finally become cr)^stalline. Gold chloride produces an 
oily precipitate which does not crystallise. Platinic chloride, mercuric 
chloride and tannic acid give no precipitate, 

Dr. Marmd {Pharm, Zeit.y 1889, 34, 97) investigated the physio- 
Vol. VI.— 14 
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logical action of arecoline and found that is caused a slowing of the 
heart action, tended to produce a cessation of respiration, and in large 
doses caused tetanic cramps which quickly gave place to partial 
paralysis. Its most notable action in small doses is an increased 
peristaltic action of the bowels. 

Arecoline separates unaltered from the secretions and excretions, 
from which it can be recovered. It can best be identified ])y its 
behaviour with bismuth-potassium iodide and its physiological action 
upon the heart of a frog. Its chief medicinal value lies in its vermicide 
and taenicidal properties. 

Froehner states that the dosage of arecoline should be about o. i grm. 
for horses and 0.25 grm. for oxen. 

Homarecoline or ethyl-arecaidine, CjjIIisOjN, may be produced 
by substituting the ethyl group fer the methyl. The product closely 
resembles arecoline and is poisonous. 

Arecaine, C^HnOoN-H.O, occurs in colourless, non-hygroscopic 
crystals which lose their water of crystallisation at 100^ and melt with 
decomposition at 213°. It is freely soluble in water, giving a solution 
neutral in reaction, and also in dilute alcohol; almost insoluble in 
absolute alcohol, by which it is dehydrated, and practically insoluble 
in ether, chloroform and benzol. Arecaine forms a crystalline hydro- 
chloride, C^HnOjN, IICl, and other crystalline salts soluble in water 
and alcohol, and of acid reaction; an aurichloride, C7H11O2N, H AuCl^, 
melting at 186-187°, and a pldtinichloride, (C7Hu02N)2,H2Pt Clg, 
melting at 213-214° with decomposition, both of which are crystalline. 

For method of preparation see Ber., 1888, 21, 3404* The yield is 
about 0,1%. 

In chemical properties arecaine is related to trigonelline and resem- 
bles it in being a betaine-like substance. 

Arecaine is n-methylguvacine and was obtained by Jahrs by treating 
guvacine dissolved in methyl alcohol with sodium and subsequently 
heating to 140-150'" with potassium methyl sulphate. It seems to 
have very little physiological action as compared with arecoline. 

Its solution in dilute sulphuric acid gives the following reactions. 
With bismuth-potassium iodide, an amorphous, red precipitate which 
becomes crystalline; with potassium-mercuric iodide, a yellow, crystal- 
line precipitate; with potassium iodide, a dark crystalline precipitate m 
the acid but not in a neutral solution. Phosphomolybdic and taiinic 
acids give a slight turbidity, while picric acid gives no precipitate. 
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Arecaidine, CyH^OaNjUaO, isomeric with arecaine, is present in 
very small quantity in areca nuts and may be prepared by saponifying 
arecoline. (See Jahr'a, Ber., 1890, 23, 2972.) From 60% alcohol 
it crystallises in colourless quadratic or hexagonal plates, permanent 
in the air but which lose their i mol. of water of crystallisation at 
100° and melt with decomposition at 222-224°. Arecaidine is readily 
soluble in water and dilute alcohol, slightly soluble in absolute alcohol 
and almost insoluble in ether, chloroform and benzene. 

Arecaidine forms crystallisable salts and is precipitated by auric 
and platinic chlorides, forming an aurichloride melting at 197-198° 
and a platinichloride melting at 208-209°. 

If dry hydrochloric acid is passed into a suspension of finely pow- 
dered arecaidine in methyl alcohol till the latter is saturated, arecoline 
is formed and this reaction may be used for separating arecaine and 
arecaidine, as the hydrochloride of the former is produced. 

Jahns’ researches indicate that arecaidine is methyl-tetrahydro- 
nicotinic acid. By reason of the presence of a carboxyl group it has a 
weakly acid character and is said to form salts with both acids and 
bases. 

Guvacine, C^jIIoONj, is so called from Guvaca, the Indian name 
for areca palm. {"See Jalir\s, Ber., 1891, 24, 2615.) It crystallises 
in lustrous scales, neutral in reaction, which melt at 271-272° with 
decomposition. It is soluble in water and dilute alcohol but less 
readily than arecaine or arecaidine; insoluble in absolute alcohol, 
ether, chloroform and benzene. Its salts are crystalline, of acid 
reaction, and arc soluble similarly to the base. The hydrochloride 
forms broad, flat prisms, anhydrous, soluble in water but sparingly 
soluble in dilute hydrochloric acid; the nitrate occurs in lustrous 
prisms and the sulphate as silvery scales. The aurichloride crys- 
tallises in flat prisms melting at about 194-195° and the platini- 
cldoridc forms hexagonal prisms containing 4 HjOj rn- P* with 
decomposition about 211°. 

Coniine.^ Conia. Conicine. 

C,H,,N;C,II.„(C,H,)N; or OC { 

' Coniine K-is been prepared synthetic.'illy by the rcducinj? action of sodivnn on a boiling 
^ ^ solution of allyl-pyridino, C.'.U<(C»H.%)N, itself obtained from a-picoUne and par- 

;'f'|wde. The artificial base thus prepared is identical in all its properties with the natural 
alkaloid, except that it is optically inactive. But on introducing a crystal of the bitartrate 
p <he natural alkaloid into a very concentrated solution of the bitartrate of the inactive 

I pj^dual separation of the bitartrate of active coniine occurs, the free Imso from 
Which exhibit the same optical activity as natural conine. The inotherdiquid contains a 
icvorotatory isomeric base (Ladenburg, Bcr., 19, 2578). 
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This base, which was die first alkaloid to be synthesised, has the 
constitution of an «-propyIpiperdine. 

Coniine is the characteristic poisonous alkaloid of hemlock, Conium 
maculatum. It occurs in all parts of the plant, in combination with 
organic acids, and in association with the following allied bases: 


Base 

Ethyl-piperidino 

Formula 

C7Hi:,X: orCJItdCTthlXII 

M. p. B. p. 

142-145^ 

K’r. 

1 0 

■ --•*0.8674 
' ^ 

Coniine (normal pro- 
pyl-pipcrkline). 

C,IIijN; or CJI.;(C3H7)NH.. 

— 3.5” J 

fo 

■ 0 . S6 j s 

' -V 

f-coniceine 

C,I^^X;orC,.H;(C 3 H 7 )Xli. . 

171-172’ 



, 1 . 5 

Methyl-conine CsHv.N; or CiHjCCjH;)- ' 

N’(CH,). I * 


Conhydrine 

. CMlijON ; or C. G-aCHOII . - 

120. O'" 240’ (22s'’ 

CH7.CH.i)XH. 

at 7 20 



inm.) 

Pseudo-conhydrine. . 

. CmH-tOX; or C.,H,(CH3.- 
CH:OII.CH)XH. 

100-103'’ 2 29 ’-2.5 i'’ 


Coniine is an oily liquid, having a peculiar repulsive odour, suggesting 
that of a long-used and foul tobacco-pipe. WTicn diluted with water, 
coniine has a peculiar and characteristic “mousy” odour, pcrceptiMe 
in higlil; dilute solutions. A few drops of an aqueous solution con- 
taining only 1-50,000 of the alkaloid, if enclosed for a short time in a 
small test-tube, is stated by Wormley to impart a marked mousy odour 
to the contained air. 

Vitali and Stroppa state that this odour is perceptible on warming a 
1-100,000 solution, wliile Dilling considered the odour faint in even a 
i-ioo dilution. 

The b. p. of coniine is variously stated, but is about 166° at normal 
pressure and is given by Dilling as 163.5'^ at 739 mm. It may be 
distilled unchanged in an atmosphere of hydrogen but undergoes slight 
decomposition at high temperatures in the air. It distils readily with 
vapour of water or alcohol and volatilises sensibly at ordinary tempera- 
tures. A 1% solution of the acetate or tartrate may be evaporated 
without loss and its other salts are likewise stable. Its sp. rot. is 
at 19°, but its rotatory power is much less in solution 
in water, alcohol or benzol than when undiluted 
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Coniine forms an unstable compound with 25% of water, the water 
being expelled on heating. It is soluble in 50 parts of water and readily 
soluble in alcohol, ether, ethyl antate, chloroform, petroleum ether, 
acetone, benzol and amyl alcohol. It is removed with tolerable 
facility from aqueous or alkaline solutions by all of these solvents which 
are not miscible with water, and according to Vitali and Stroppa is 
removed to a slight extent from a faintly acid solution by ether. 
Melzer found that conine reacts with carbon disulphide and the result- 
ing solution on evaporation gives colourless needle-like crystals of 
conine coniylthio-carbamic acid. 

Coniine dissolves sulphur, but not phosphorus nor calcium chloride. 

Coniine is colourless when freshly prepared, but becomes yellow and 
ultimately resinoid by keeping.^ It is a strong base, the aqueous 
solution being powerfully alkaline in reaction, and neutralising acids 
perfectly. The salts are colourless and odourless, but the peculiar 
odour of the free base is immediately developed on adding a fixed 
alkali in excess. 

If a beaker moistened with fuming hydrochloric acid be inverted over 
a watch-glass containing a drop of free coniine, white fumes will be pro- 
duced, and the alkaloid will be converted after a time into a crystalline 
hydrochloride, CgHijN^IICl. (Nicotine gives an amorphous hydro- 
chloride.) The hydrocliloride is also obtained as a brilliant crystalline 
mass by dissolving conine in anhydrous ether, and passing dry hydro- 
chloric acid gas through the solution. It can be heated to 90° without 
decomposition or loss of weight. It melts at 2 1 8® and is dextrorotatory. 

According to Dilling it is soluble at 15° in 4 parts water, 5.2 
parts absolute alcohol, 6.6 parts chloroform, 500 parts ether, 500 
parts ethyl acetate, 333 parts acetone and insoluble in petroleum 
ether. The first 3 solvents are much more effective when warm. 

Coniine hydriodide is anhydrous. It can only be obtained crys- 
talline by the use of pure hydriodic acid free from any trace of iodine, 
hy slow evaporation the salt is obtainable in large flat needles, which 
sublime when gently heated in vacuo. It melts at 165®. 

Coniine also forms a hydrohromide, m. 211°; a picrate in small 
yellow prisms, m. p. 75°; s.n auricJiloride in golden-yellow crystals, m. 
P- 77 °> and a cadmio-iodide, m. p. ii8°. 

On exposing a drop of coniine to the vapours of bromine (avoiding 

’According to Schorm, pure coniine does not undergo any change by exposure to light 
Jour [Hi], la, 363). 
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excess), it i^ecomes rapidly converted into a mass of white crystals 
This behaviour is regarded by Watts as a proof of the purity of iho 
alkaloid. 

By tlic treatment of coniine with chromic acid mixture, normal 
butyric acid is produced. The reaction may be employed as a test for 
coniine, as butyric acid has a highly characteristic odour, and can he 
readily distilled off and further examined. Butyric acicl also results 
from the oxidation of coniine by bromine water or nitric acid, while 
permanganate converts it into picolinic acid. 

On distillation of coniine hydrochloride with zinc-dust, or the free 
base with zinc chloride, hydrogen is evolved and a-propylpyridinc or 
conyrine, C5H^(C3H7)N, formed. This base boils at 166-168°, and 
is reconverted into conine on treatment with hydriodic acid. (By 
prolonged treatment with hydriodic acid coniine is converted into 
ammonia and octane, 

The reactions for the detection and identification of coniine are taken 
up in connection with those of the other conium alkaloids. 

Conhydrine has the prol)able constitution of a piperidyl-ethylalkine, 
C5 Hj,(CIIOH.CH 2.CH3)NII. It presents a close resemblance to 
tropine, C^HisON, both in composition and chemical behaviour, a 
fact which suggested to A. W. Hofmann the probability that it was the 
product of the hydrolysis of a base allied to atropine. From the 
alkaline liquid left after the distillation of coniine and conhydrine, 
Hofmann obtained, by acidification and extraction with ether, caffeic 
acid, CjHgO^, a substance having the constitution of a dihydroxy- 
cinnamic acid. 

Conhydrine forms colourless, glittering, double refracting crystals, 
soluble at 15° in water, i in 25.6 parts; in absolute alcohol, i in 5.8 
parts; in ether, i in 66 parts, and in chloroform, i in 5.2 parts. Its 
odour resembles conine and it has a salty taste. It melts at 118^, 
may be sublimed, and distils without decomposition at 225-226'’. 

It is a secondary base and dextrorotatory. It does not react with 
nitrous acid, has an alkaline reaction, and is a feeble narcotic poison. 
According to Wertheim, hemlock contains only 5 to 6 parts of conhy- 
drine for every 100 of coniine. 

Conhydrine may be separated from commercial coniine, in which it 
is not unfrequently present, by cooling the liquid down to 5°, filtering 
through glass wool, and washing the separated crystals of conhydrine 
with petroleum ether, in which it is but sparingly soluble. 
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Pseudoconhydrine is a base isomeric with conhydrine, and prob- 
ably a stereo-isomer. It crystallises from ether in several different 
forms: Long thick needles, thin plates with notched edges, fine needles 
in star-shaped clusters, and long columnar crystals. All of these are 
double refracting. By heating on a water-bath the various forms are 
converted into the fine needles. On breatlung on the fine needles, 
they change back into the plate and columnar forms. Pseudocon- 
hydrine melts at 105-106°, b. p. 236-236.5° according to Dilling, and is 
easily soluble in alcohol and acetone. 

Coniceines, CsHuN.— Between coniine, CgHijN, and conyrine, 
CgHiiN, there are known 5 isomers of the formula CgH^jN, which 
have been prepared either by the oxidation of coniine or the dehydration 
of conhydrine. 

a-Coniceine. — When molecular proportions of coniine hydrobromide 
and bromine are mixed, the bromo-derivative, CgHjyN.HBr.Brj, is 
obtained. By the regulated action of sodium hydroxide this yields 
CgHijNBr, which by treatment with sulphuric acid is decomposed 
into hydrobromic acid and a-coniceine, which is a colourless liquid of 
.893 sp. gr. at 15°, b. p. 158°, and slightly soluble in water. In odour 
it closely resembles coniine, but is said to be 5 or 6 times as poisonous! 
It is a tertiary base of strong alkaline reaction, and forms crystallisable 
salts. The picrate forms yellow needles, m. p. 225°, nearly insoluble 
in cold water, and very slightly soluble in alcohol. a-Coniceine is 
partially reduced to coniine by heating under pressure with fuming 
hydriodic acid and phosphorus. 

/?-Coniceine is obtained together with a-coniceine by the action of 
phosphoric anhydride or fuming hydrochloric acid on conhydrine: 
CgHiyON-CgH^jN.IIjO. It forms very volatile, colourless needles, 
melts at 41° and boils at i68°. It is a secondary base of coniine-like 
odour, and is a less active poison than the a-modification. It is little 
soluble in water but quite soluble in alcohol and ether. 

/•-Coniceine is found naturally associated with coniine and may 
largely contaminate commercial coniine. It may be obtained by decom- 
posing the bromo-derivatives of coniine, CgH,gNBr, with an alkali. 
It is a colourless liquid, turning dark yellow with age, b. p. 171-172° 
at 746 mm. pressure and distilling with steam; has a sp. gr. of 0.8825 
at 22.5° and is optically inactive. It is slightly soluble in water is 
strongly alkaline in reaction, possesses a suffocating odour resembling 
coniine, and a sharp, burning taste. It remains liquid even at -50°. 
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It is a very powerful poison, being variously stated as from 12 to 
17 times more toxic than coniine. y-Coniceine is a secondary base 
yielding ciy’staliine, volatile salts with acids, and a characteristic 
double salt with stannic chloride, BjHjSnClg, which forms large crystals, 
m. p. 215° It also forms a hygroscopic, crystalline hydrpchloruk^ 
m. p. 143°; a hydrobromide^ m. p. 139°; a hydriodide, m. p. 102°; a 
picrate, m. p. 62°; and an anriochloride, m. p. 69-70° 

S-Coniceine was obtained by Lehman by treating bromo-coniinc 
with sulphuric acid. It is a tertiary base, not reduced by sodium and 
alcohol, is laevorotatory and boils at 158° 

^-Coniceine may be prepared by the action of alkalies on iodo-coniinc. 
It is probably stereo-isomeric with 8-coniceine, it being dextrorota- 
tory, and boils at 150-151° 

Methyl-coniine, wliile mentioned as early as 1854 as a constituent 
of Conium, was not isolated in a pure state until 1894 by Wolffenstein. 
It is a colourless liquid, b. p. 173-174°, having a sp. gr. of 0.8318 at 
24° and is beworotatory. It may be prepared synthetically by heating 
coniine with an aqueous solution of methyl potassium sulphate. 

Poisoning by Coniine and Hemlock. 

Coniine is an extremely powerful paralytic poison, which acts on the 
motor nerves; i drop is a distinctly poisonous dose, while 10 dro|)s 
may be fatal. 

The .symptoms produced by hemlock and coniine arc not uniform, 
probably due to variable amounts of y-coniceine as well as of coniine, 
and cases of poisoning are not numerous. StU[X)r, coma, and slight 
convulsions have been noticed, while in other cases the chief effect has 
been paralysis of the muscular system, especially of the legs. The pupils 
are somewhat dilated. After death the lungs are found filled with tluiil 
blood and of a dark colour, aJid the stomach and intestines somewhat 
congested. The post-mortem appearances arc not characteristic. 

In toxicological inquiries the viscera and contents of the stomach 
should be treated as described under strychnine, the purified extract 
being agitated with sodium hydroxide and ether instead of ammonia 
and chloroform. From ether, the alkaloid may be recovered by 
allowing the solvent to evaporate spontaneously in a cool place, or 
extracted as a salt by agitating the ether with dilute hydrochloric acid. 
From the purified salt of coniine thus obtained, the free base may be 
again liberated by adding sodium hydroxide and recognised by the 
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mousy odour of hemlock developed immediately or on warming the 
liquid. For further tests see the following section. 

Coniine may also be isolated from the viscera by the method used for 
the assay of hemlock. Otto in one case met with a volatile ptomaine, 
which was very poisonous, but differed from coniine in its reaction 
with platinic chloride. The seeds of Lupinus luteus contain alkaloids 
somewhat resembling coniine, but which do not yield the characteristic 
crystalline hydrochloride. Other of the Umbellijem besides 
are possessed of poisonous properties, but it does not appear that 
coniine has been proved to be the active principle.^ 


Colour Reactions and Tests for Conium Alkaloids. 

A considerable number of colour reactions for coniine and its allied 
alkaloids have been published, but none arc characteristic and some 
are fallacious. Billing (P/iarm. Jour., 1909 \iv], 29, 34-37, 70-72 
and 102-104) has made an exhaustive examination of the colour 
reactions and other tests for these alkaloids and tlie following table is 
adapted from his work: 


> (FnaHih crocaia, or hemlock watcr-dropwort, is described by A. S. Taylor as one of the 
most virulent of English vegetable poisons. The leading symptoms produced arc rapid 
insensibility, bloated and livid countenance, convulsive movements, stertorous breathing, 
dilated pupils, and bloody fount about th« inouth and nostrils. 

Cicuta virosa, water- hemlock or cowbanc, produces symptoms similar to the above, 
including the foaming at the mouth. It is said to contain cicutine. 

Sium latifolium and 5. angustifolmm have been mistaken for water-cress, with fatal 
results. 

^thusa Cynaptum, the lesser hemlock or fool’s parsley, appears to contain an energetic 
poison, though this has been disputed by Harley (St. Thomas's Hospital Reports, new scries, 
4i 6r, 10, as 7), and also by Tanret, who belicvv-s the erroneous statements respecting it to 
have arisen from a confusion of the plant with C'ontMm maculatum, which it closely resemble 
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Melzer’s observation regarding the reaction of coniine and carbon 
disulphide was used by him as a test and has been elaborated by 
Billing and may be applied as follows as attest for coniine and allied 
alkaloids: 

To 0.5 c.c. of a fairly strong alcoholic solution of the alkaloid add a 
few drops of carbon disulphide, boil and add excess of water. On 
now adding a few drops of copper sulphate, ferric chloride, ferric 
sulphate, nickel chloride, cobalt chloride or uranium nitrate, dif- 
ferent colours are produced. On shaking this solution with ether 
the colours dissolve in the ether in some cases and evaporation of the 
ethereal solution gives different forms of cr}’stals. None of these 
reactions are given by nicotine. 


Copper sulphate Nickel chloride Uranium nitrate 


i. Piperidine: 

Vandyke brown colour; Green colour, partly soluble ' Orange colour, partly soluble 
soluble in ether; large, in ether; rhombohedral in ether; opaque orange, 

opaque brown crystals, plates and needle-like crys- ! brush-like crystals, 

like polypodium leaves. tals. ! 


9. Coniine: 

Vandyke brown colour; Green colour, soluble in ! Orange colour, soluble in 
soluble in ether; long ether; thin green rhomboid ether; needle-like brown 
flat, rhomboid plates. plates with a corner cut I crystals in bushy clumps. 

' out. 1 


3. Conhydrine: ' 

Vandyke brown colour; Green colour, soluble in Orange colour, slightly solu- 
soluble in ether; long, ether; flat, green rhomboid ble in ether; residue amor- 

flat, brown plates of crystals. ] phous. 

rhomboid form, I 


4. Pseudoconbydrine : 

Vandyke brown colour; 
soluble in ether; flat, 
brown rhombic plates. 


Green colour, soluble in 
ether; green rhombic crys- 
tals. 


Orange colour, almost insolu- 
ble in ether; residue amor- 
phous. 


S. Coniceine: 

Brown colour, soluble in Red colour, soluble in ether. Orange colour; i)artly solu- 
ethcr. ble in ether. 


To apply the above reactions the alkaloids must be free and in case 
of the salts about 0,5 c.c. of the aqueous solution is made alkaline with 
sodium carfx)nate, a few drops of alcohol and carbon disulphide added, 
and the test carried out as above. Toluol may be used to advantage 
in place of ether, particularly with uranium nitrate. 

With aqueous solutions of coniine and nicotine, phenolphthalcin 
gives a red or pink colour which disappears on shaking with chloro- 
form in the case of nicotine but is permanent with coniine. Heut 
(Archiv. d. Phartn., 1893, 376) uses this reaction for the estimation of 
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the alkaloids in mixture by titration with iV/io acid, using first phenol- 
phthaldn and then litmus as indicator. 

Diking (Pharm, Jour., 1909 29, 103) gives a scheme for the 

differentiation of sparteine, lobelinc, nicotine, coniine, conhydrine, 
pscudoconhydrine, y-coniceine and a coniine isomer, by means of these 
various reactions. 

J, voti Braun {Her., 1905, 38, 3108) effects the separation of the 
conium alkaloids as follows: The greater portion of the coniine, which 
forms the chief constituent, is .separated by distillation and the residue 
then fractionated up to 190°, whereby the conhydrine (m. p. 118°) 
remains as an undistilled residue. The lower fractions are then 
benzoylated in alkaline solution, and the resulting oil, after dissolving 
in ether, is extracted with acid to remove the methyl-coniine. The 
ethereal solution is then concentrated and treated with petroleum 
ether to precipitate the benzoyl-amino-butyl-propyl-ketone, which is 
formed by the action of benzoyl chloride on y-coniceine. The mother- 
liquor is redistilled and yields benzoyl coniine (b. p. 203 to 204° at 
16 mm. pressure), and some more of the bcnzoyl-amino-ketone. 
Starting with 104 grm. of material, tlic auUior was able to obtain i 
grm. of conhydrine, 7 grm. of methyl-coniine, 52 grm. of amino-ketone 
corresponding wit)i 26 grm. of y-coniceine, and 124 grm. of benzoyl- 
coniine, corresponding with 68 grm. of coniine, total 102 grm. The 
coniine recovered from the benzoyl derivative proved to be a mixture 
consisting of i-coniine and a little (f-coniine. 

Assay of Hemlock and its Preparations. 

Coniine exists in all parts of the common or spotted hemlock, Conium 
maculalum (French, la Cigu'e; German, der Schieling). It appears to 
be most abundant in the fruit, the proportion increasing with the matur- 
ity of the seeds. In hemlock leaves, R. Kordes found 0.24, and in the 
fruit 0.49 % of alkaloid. 

For the extraction of coniine from hemlock, J. Schorm {Zeit. Angriv. 
Chem., 1894, 266) recommends that the fruit should first be swelled by 
hot water, and then moi.stencd with a strong solution of sodium car- 
bonate. The coniine is now distilled over 'nnth slightly superheated 
steam until the distillate ceases to be alkaline. The distillate contain- 
ing coniine and coniine carbonate is neutralised wilh hydrochloric acid 
and evaporated to dryness. Heat the crude residue on a sand-bath 
till the resinous and oily impurities are decomposed and the residue is 
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odourless. Dissolve in water, filter and if coloured treat with hydro- 
gen peroxide, 3^^ , until colourless. Evaporate and crystallise out the 
coniine hydrochloride. The mother-liquor retains conhydrine. Hydro- 
gen peroxide will decompose the free alkaloid but not the hydrochloride. 

A good product, but somewhat lower yield, is said to be obtained by 
exhausting the hemlock fruit with acetic acid, and evaporating the 
solution to a syrup in a vacuum. Magnesia is then added, and the 
mixture agitated with ether, which extracts the alkaloid. 

Various assay processes have been proposed but one of the best is 
that adopted by the United States Pharmacopa'ia, Eighth Revision. 
10 grm. of conium in No. 60 powder is macerated for 4 hours 
with shaking in 100 c.c. of a mixture of ether 98 parts, alcohol 8 parts, and 
ammonia water, lo^J , 3 parts. Decant 50 c.c. of the clear liquid and 
add AV I sulphuric acid to slightly acid reaction. Evaporate off the 
ether by gentle heat. Add 15 c.c. of alcohol and after standing in a 
cool place for 2 hours, filter off the precipitated ammonium sulphate 
washing the precipitate and filter carefully with alcohol. Neutralise 
any excess acid with sodium carbonate, leaving the solution faintly 
acid, concentrate on water-bath to 3 c.c., add 3 c.c. water and 0 
drops N/i and wash with two successive portions of 15 c.c. 

ether to remove fat. Make slightly alkaline with sodium carbonate 
and shake out with successive portions of ether (15 c.c., 15 c.c. and 
10 C.C.). To the ethereal solution in a tared beaker add sufficient $' ( 
hydrochloric acid to insure excess and evaporate ether by gentle heat. 
To residue add 3 c.c. alcohol, evaporate and repeat this operation to 
remove excess hydrochloric acid. Dry residue thoroughly at temper- 
ature not exceeding 60® and weigh. This weight, multiplied by 0.777 
gives amount of coniine in 5 grm. of drug. 

For the fluid extract or tincture equivalent quantities may be evapo- 
rated on sand or washed sawdust and the process carried out as for 
the drug. 

Gordin (Am. Journ. Pharm.^ 1901, 217) recommends the use of 
ether, 3 parts, and chloroform, i part, with potassium hydroxide as 
alkali, and extracts the coniine from this solution with oxalic acid. 
After removing potassium oxalate, the coniine is extracted with pe- 
troleum ether and is converted into hydrochloride with solution of 
hydrogen chloride in absolute ether. After carefully evaporating off 
the solvent and all excess of hydrogen chloride, the coniine hydro- 
chloride is titrated with A^/40 silver nitrate. 
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Squire (Companion to British Pharmacopoeia, 439) gives the follow- 
ing method: 

Five grm. of finely powdered conium or equivalent of fluid extract 
or tincture, evaporated on sand or sawdust, is extracted with 50 c.c. 
saturated solution of hydrogen chloride in chloroform. This extrac- 
tion with a smaller amount of the solvent is repeated until 6 drops of 
the chloroform extract evaporated to dryness and treated with a few 
drops of dilute sulphuric acid gives no precipitate with Mayer’s re- 
agent. Shake the mixed chloroform extract twice with 25 c.c. of water 
and this aqueous extract in turn is shaken with 2 portions of 10 c.c. 
of chloroform. The aqueous solution is made alkaline with sodium 
hydroxide and the coniine extracted by 3 portions of 10 c.c. of chloro- 
form. To the chloroform extract add 10 c.c. of saturated solution 
of hydrogen chloride in chloroform, evaporate, dry at 90° and weigh. 
162.4 parts of anhydrous coniine hydrochloride equals 126.2 parts of 
coniine. 

For other methods of assay see Cripps (Pharm. Jourtt. {Hi), 18, 
511) and Farr and Wright {ibid. [Hi] 21, 857). 

Conium fruit should yield at least o. 5% of coniine by assay, though 
it varies considerably. 


LOBELINE. 

Lobeline, CigHjaOjN (?), is the active principle oi Lobelia infiata,' 
or Indian tobacco, a plant which has received extensive application 
and is also official in many pharmacopoeias which specify different 
parts of the plant for use. 

It has also been isolated by von Rosen from L. nicoliancefolia grow- 
ing in Madras and Ceylon, and from L. purpurascens by Maiden and 
Hamlet. 

Lobeline exists in lobelia in combination with a vegetable acid. 
In pre.scnce of certain other constituents of the plant the alkaloid is 
extremely unstable, being rapidly decomposed on heating an aqueous, 
or even an alcoholic infu.sion of lobelia. In presence of acetic acid the 

‘ The root of Lobelia syphilitica was employed before L. inilata was known to medicine, 
P root of the latter species does not appear to have been used. According to J , U . ana 

C, G. Lloyd, all parts of lobelia contain the alkaloid, which, however, is most readily obtained 
from the seeds. 

The dust of the plant produces a painful sensation when inhaled. All parts of the 
oerb and seed produce an acrid, biting sensation on the tongue, and a sharp tobacco-like 
• on the throat and fauces. Lobelia contracts the pupil , and acts as an expectorant 
.n srnall doses and an emetic in larger (10 to ao grains). In poisonous quantities it acts 
njce nicotine, and kills by paralysing the respiration. Several fatal cases of poisoning by 
wbelia are on record. 
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base is more stable, and was obtained by J. U. and C. G. Lloyd 
(Pharm. Rundschau, itSS;, 32) as a colourless, odourless, amorphous 
substance, permanent in the air, only slightly soluble in water, but 
readily soluble in alcohol, ether, chloroform, benzene, carbon disul- 
pliide, etc. In tlie pure state lobeline is not hygroscopic, and is but 
slowly dianged in exposure to air. Lobeline turns red willi sulphuric 
acid, yellow witli nitric acid, and is precipitated by all the general 
alkaloidal reagents. The salts, which have not been obtained crys- 
tallised, are readily soluble in water, alcohol and ether. They are 
described as most violent emetics, a single drop of a tolerably strong 
solution producing immediate emesis, without disagreeable after- 
symptoms. The dust is as irritating as veratrine to the nose and air- 
passages. 

No liquid volatile alkaloid could be obtained by Messrs. Lloyd from 
lobelia by distilling the herb with water, either with or without the 
addition of alkali hydroxide, and they considered the supposed vola- 
tile base to have been probably a mixture of lobeline, inllatin and 
volatile oil. 

On the other hand, Pasclikis and Smita (Monatsh., 1890, ii, 13 1) 
have obtained a volatile alkaloid from Lobelia injlata, by extracting 
the leaves with water acidified witJt acetic acid, rendering the con- 
centrated solution alkaline, and agitating with ether. On distilling olT 
the solvent, the alkaloid is obtained as a viscous oil, with an odour at 
once resembling that of honey and tobacco. It is purified by solution 
in dilute hydrochloric acid, and re-extracted by alkali and ether. ‘ 
After distilling off the ether the base is dried with potassium hydrox- 
ide and distilled in a current of hydrogen. On warming the alka- 
loid so obtained with a 10% solution of potassium hydroxide, and 
gradually adding a 4% aqueous solution of potassium permanganate, 
benzoic acid is formed, and can be extracted by filtering off the pre- 
cipitated oxide of manganese, and agitating the acidified solution with 
ether. 

The sulphate of the above volatile alkaloid, if prepared from 
lobelia seeds, is obtained in yellow, very hygroscopic granules. When 
prepared from the leaves, it forms a yellowish-white powder, less 
hygroscopic than the salt from the former source. 

1 up to this ixrint the process of Paschkis and Smita is substantially the same as that of 
the Lloyd Brothers, for the preparation of the non-yolatile alkaloid of lobelia. Siebert, 
by the same process, obtained, both from the herb and seeds of lol)elia, a pale yellow alkaline 
^rup, the crystallised hydrochloride and chloroplatinatc of which indicated the formula 
CisHmOiN for the free alkaloid. 
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Inflatin was obtainAl by J. U. and C. G. Lloyd in large colourless, 
odourless crystals, m. p., 225°, insoluble in water or glycerin, but solu- 
ble in alcohol, ether, chloroform, benzene, carbon disulphide, and the 
oil of lobelia, etc. Inflatin is a neutral principle, and appears to have 
no therapeutic value. The lobelacrin of Enders is considered by the 
Lloyds to be a mixture of inflatin, resin, lobeline, and the fixed oil 
which lobelia contains in the proportion of about 30%. 

Farr and Wright (Chem. and Drug., 1893, 42, 454) recommend the 
following method for the assay of the tincture of lobelia: 

Place in a porcelain capsule 50 c.c. of the tincture with 5 drops of 
33% acetic acid and 20 or 30 c.c. of water. Evaporate on the water- 
bath to 25 or 30 C.C., filter through absorbent cotton into a separator, 
rinsing dish and cotton with a little acidified water. Add ammonia in 
distinct excess and shake out with 3 successive portions of chloroform 
-—10, 5 and 5 c.c. Evaporate the chloroform by a gentle heat, treat 
the residue first with 10 c.c., then with 5 c.c. of 1% hydrochloric acid, 
and filter into a separator. Again render alkaline with ammonia and 
shake out with 3 successive portions of anhydrous ether — 15, 5 and 
5 c.c. Evaporate the ether, dry the residue i hour at 100° and weigh. 
The residue when heated by them at 100® for several hours showed a 
loss of less than 0.001 grm. 

For other assay methods as suggested by Patch and by Lyons, see 
Lyons’ “The Assay of Drugs,” pp. 189 and 190. 

LUPINE ALKALOIDS. 

From the different species of lupine several alkaloids have been iso- 
lated, some of which belong to the class of volatile alkaloids. From 
the seeds of the yellow lupine {Lupinus luteus L.) lupinine and lupini- 
dine have been isolated; also from the black lupine {Lupinus niger), 
and lupinidine is reported by Campani and Grimaldi to be present 
in the white lupine. Two other alkaloids, dextro-lupanine and inactive 
lupanine, are found in the white lupine (L. albus L.) and the first 
mentioned is also found in L. angustifolius L., L. perennis L. and L. 
polyphyllus. K. Gerhard found alkaloids in L. affinis, L. albococcineus, 
L Cruikshanksi, L. Moritzianus, L. mutabilis and L. pubescens, but none 
were extracted in sufficient quantity for identification. 

Gerhard {Arch. Pharm., 1897, 235, 342) gives a quantitative 
estimation of the alkaloids in various species of lupines as follows: 

Vol. VI.— 15 
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Est. as lupanine 

as lupinine 

Yellow 

Blue 

o. 449 i% 

. . . . 0.7249 

0.6378 

White 



Perennial 

. . . . ' 1 . 1829 


Black 

. . . . j 0.6100 

0.8659 


Lupinine, (Baumert, Ber.^ i88i, 1150, ^614321, 1880 

1882; 1882, 15, 631, 1951) or more probably Cj^HjeON (WillsUiUtr 
and Fourncau, Ber., 1902, 35, 1910), may be prepared from the seeds 
of the yellow lupine by extracting with alcohol made acid with hydro- 
chloric acid, evaporating off the alcohol, mixing with an equal volume 
of water, adding sodium hydroxide to strong alkaline reaction and 
extracting with ether. The mixture of lupinine and lupinidincso ol> 
tained may be separated as directed by Baumert {Annalitiy 225, 365I 
Lupinine crj'stallises in tables from acetone and rhombic crj’stals from 
petroleum ether which have a m. p. variously stated at from 67° to 
69.2° though the higher figure seems more nearly correct. It boils 
with some decomposition at 255-261°, but in a stream of hydrogen it 
distills unchanged at 255-^257°, and is also volatile witli steam. 
Lupinine has a pleasant apple-like odour and an extremely bitter taste, 
the latter characteristic extending to its salts. It has a paralysing 
effect on the nerve centres. Lupinine is lajvorotatory, [a],, = - 19'’ 
in aqueous solution of sp. gr. 1.005 and also given as — 20°in 
o.g^% solution. It is soluble in cold water and alcohol, but less 
soluble in warm water. From its aqueous solution it is separated by 
excess of alkali hydroxide. Lupinine dissolves readily in ether, chloro- 
form, benzene and acetone. Carbon disulphide dissolves the base 
w'hile acting chemically upon it. Lupinine is highly caustic, and is a 
strong base, liberating ammonia from its salts and fuming with hydro- 
chloric acid. B(HCI)2 forms large rhombic crystals readily soIiil)ie 
in water and alcohol, m. p. 212-213° and in 2% solution gives [aJi,- 
— 14°, The plaiinirliloride, B HjPt Cl^, forms yellow crystals, m. p. 
163-164°, and the aurichloride forms glistening needles, m. p. 196- 
197°, difficultly soluble in water but readily in alcohol. The nilrale, 
B(HN03)2, forms rhombic crystals, very soluble in water and 
alcohol. 

Metallic sodium dissolves in melted lupinine with evolution of 
hydrogen, forming a sodium-derivative, decomposed by water into 
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lupinine and sodium hydroxide. When heated with acetic anhy- 
dride, lupinine yields CiqHijN.CjHjO, as an oil, insoluble in water 
and very easily saponified. 

Anhydrolupinine, CioIIjyN, originally known as dianhydrolupinine, 
is prepared by healing lupinine with acetic and sulphuric acids at 
180° (Willstiitter and Fourneau, Ber., 1902, 35, 1910). It is a colour- 
less oil of heavy unpleasant odour, boiling at 216.5-217.5° at 726 mm. 
pressure. It forms a platinichloride, (CioHi7N)2> HjPtClg, which 
separates from water in reddish-brown crystals, stable in the air, 
darkens at 170° and decomposes at 216°. The aurkhloride, CjoHi;- 
N, H AUCI4, forms transparent golden prisms, m. p., 140-141°. The 
methiodide melts at 180° with decomposition. 

By o.xidising lupinine with chromic acid, lupinic acid, CgHjgN.COOH, 
is formed, crystallising from acetone in colourless needles containing 
3H2O, melting when quickly heated at 255°. 

Methyl-lupinine, CioHigO.NCIIa, and dimethyl-lupinine, CjoH,;- 
0N(CH3)2, both oily liquids, boil respectively at 145-146° under 15 
mm. pressure, and 169-172° under 28-29 mm. pressure. 

Lupinine is probably related to cinchonine in chemical constitution. 

Lupinidine, or preferably (Willstatter and 

Marx), is a base found by Baumert in the yellow lupine. It forms 
a volatile, oxidisable, viscous oil, having an odour of hemlock. It 
is intensely bitter and feebly poisonous, producing symptoms like 
those of curare. The more recent researches of Willstatter and 
Fourneau {Her., 1902, 35, 1910) and Willstatter and Marx (Ber., 
1904, 37, 2351) have shown the great similarity between lupinidine 
and sparteine, not only in a general way but in numerous specific 
characteristics, and their identity seems reasonably sure. The last 
named investigators obtained a yield of 0.23% from the seeds oiLupi- 
nus luteus after removal of the lupinine with light petroleum. It 
boils at 311-314° under normal pressure, at 180.5° under 18 mm. pres- 
sure, and is volatile with steam. Lupinidine has a sp. gr. of 1.034 at 
0° and 1.023 at 20°; [a]„= - 5.96° at 20° when undiluted and - 16.41 
at 21° in 99% alcohol where c=t4.2o 6. It is soluble in cold water 
more readily than in hot, readily soluble in alcohol and soluble in ether, 
diflicultly soluble in petroleum ether. The plaiinichloride is stated 
by Behrend to contain 2H2O, and melt at 227°, while Willstatter and 
Marx pronounce it identical with the same sparteine salt, darkening 
at 239° and melting with decomposition at 243.5.° Lupinidine is 



2^8 


VOIATILE BASES OF VEGETABLE ORIGIN 


said to form a cr)^stalline hydrate, H.IIjO, very insoluble in water. 
No acctyl-dcrivative is obtainable. 

Dextro-lupanine, discovered in the seeds of blue 

lupine by Ilagen in 1885, is descril)ed by Soldaini (see Archiv d. PJiann., 
230, 61; 231, 321, 4S1. Gazz. Cliim. IlaL, 1893, 23, [i], 143; 1895, 
25, 352; 27, [2I, 191; 1902, 32, [i], 389; 1903, 33, [1], 428. 

Boll. Cliim. Farm., 41, 37; 42, 113) as a yellowish syrupy substance 
but Davis {Chem. Caitr., 1896, i, 708), has shown that it may be 
obtained from petroleum ether in colourless needles melting at .14'^ 
easily soluble in cold water but separating from it when heated; readily 
soluble in alcohol, ctlier, cliloroform and petroleum ether. It cannot 
be distilled under normal pressure and both the base and its salts arc 
de.xtrorotatory. It is said to be poisonous. 

By bromination in acetic acid solution and ciy'stallisation from 
alcohol (Soldaini), or by brominating the hydrochloride in alcoholic 
solution (Davis), two new' bases are produced having the formula- 
CgHijON and C^IIjjOjN, and also apparently a third base of unde- 
termined constitution. CgllijONMIBr forms tliin, white crystals 
melting at 224-225° with decomposition and CyHjjNO.IIBr, has m. p. 
134-135°. The base, C^jII^jON, gives an aiirkhloride which decom- 
poses at 140° and deposits gold when the aqueous solution is boiled. 
The base, C^HnNO, gives a plalinichloride with 4 ij which de- 
composes at 210°, and an aurichloride which softens at 120-122°. 
d'he third base gives a golden, lustrous platinichloride decomposing 
at 211-212° without melting. 

Inactive lupanine, C,5ll2402N, discovered by Soldaini {Gazz. 
Chim. Ital.f 1892, 22, [i], 177) and subsequently studied by Schmidt 
and Davis, crystallises from petroleum ether in needles, melting at 
99° and having a strong alkaline reaction. It is readily soluble in 
water, alcohol, ether and chloroform and less so in benzol and pe- 
troleum ether. From solutions of its salts, lupanine is precipitated by 
sodium and potassium hydroxides, but not by ammonia. On heating 
it gives an odour of pyridine. 

By preparing the thiocyanate Davis obtained 2 forms of hemi- 
morphic crystals melting at 188° and by separation and decomposition 
of these two forms, dextro- and Ixvo-lupanine were obtained having 
identical characteristics except in rotation. These bases by mixture 
in equal parts in solution re-form the inactive variety on crystallisation. 

The hydrochloride forms crystals with 2H2O, very soluble in 
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absolute alcohol and melting at 105-107° The aurichloride forms 
yellow cr}'stals melting at 182-183°, and the plalinicJiloride occurs 
as red crystals, soluble in water and insoluble in absolute alcohol. 

According to O. Keller {Bicd. Centr.y 10, 97) lupine seeds can be 
deprived of the whole of their bitter constituents, and rendered much 
more palatable and wholesome, by soaking them in water for 24 
hours, steaming them for i hour, and then washing them for 2 
days. Kuhn has shown that the substances which cause lupine sick- 
ness are destroyed by steaming. 

Arginine, is contained in the seeds oiL.luteus which 

have germinated in the dark. It forms cry'Stalline salts, evolves nitro- 
gen with nitrous acid, and yields urea when boiled with baryta-water. 

PITURINE. 

Piturine, the volatile alkaloid of Pituri,^ was first care- 

fully examined by Petit {Pharm, J., [f//], 9, 819), who considered 
it identical with nicotine; but later, Liversidge {Pharm . Jour, [/n’], 
II, 815) made a detailed examination and decided that it was a 
distinct alkaloid, closely related to nicotine, Langley and Dickinson 
{Jour. Physiol., 1891, ii, 265) carefully compared tlic physiological 
action of piturine and nicotine on frogs and mammals and concluded 
that they were identical in this respect, s > the preponderance of 
evidence is that piturine is nothing more than nicotine. Petit gives 
123.9° solution containing 0.236 grm. in 10 c.c. of 98% 
alcohol, and states that the sulphate is dextrorotatory. It resembles 
nicotine strongly in these respects but this rotation of the alkaloid 
is not identical with nicotine. Liversidge states that it may be dis- 
tinguished from nicotine by what is known as Palm’s Test. When 
gently warmed with hydrochloric acid of 1.12 sp. gr. nicotine turns 
violet, and on addition of a little strong nitric acid the colour changes 
to a deep orange. Piturine when thus treated does not change colour 
at all, but when further heat is applied it turns yellow. He further 
states that piturine is distinguished from coniine by its aqueous solu- 
tion not becoming turbid on heating, or by the addition of chlorine- 
water; from aniline it is distinguished by its negative reaction witli 
solution of bleaching powder; and from picoline by being somewhat 

’ Pituri consists of the dried leaves of Duboisia Hopwoodii, a shrub grounng in Australia, 
it contains from i to a. 5% of the alkaloid. 
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denser than water. From pyridine piturine dilTcrs by giving a 
precipitate with cupric sulphate insoluble in excess of the base. 

WTien piturine is treated in ethereal solution witli iodine (compare 
sparteine) the liquitl becomes brownish-red and turl)id, and after a 
short time deposits yellowish-red needles, leaving a yellow mother- 
liquor. The cr}’stals melt at about iio°, and dissolve in alcohol with 
brownish-red colour. This solution leaves indistinct needles and oily 
drops on evaporation; if treated in the cold with sodium hydroxide, 
an iodoform-like odour is evolved; whereas the iodine-compound of 
nicotine is said to reproduce nicotine when similarly treated. 

POMEGRANATE ALJCALOIDS. 

From the bark of Punka granalum L., Tanret, in 1877, isolated 
4 alkaloids: PcUetieriney iso-pellelierhie, methyl pdletierine and pseudo- 
pelklieriney named from the French chemist Pelletier, all of which are 
volatile but not all are liquid at ordinary temperatures According 
to Fliickiger the first of these predominates in the stem-bark and the 
third in the root-bark. Stoeder, working on fresh Java bark, obtained 
from the white-flowered variety 3.75% of mixed hydrochlorides of the 
alkaloids; from the red-flowered 2.43% and from the black-flowered 
variety 1.71^ 0* From the root-bark he obtained 1.29% to 1.86' 
the plant being chiefly the white-flowered variety. 

The alkaloids may be obtained by mixing the powdered bark with 
milk of lime, exhausting with water, removing from the aqueous 
solution by extraction with chloroform and again extracting this solu- 
tion with dilute acid. If this solution is now treated with sodium 
bicarlxmate, methyl and pseudo-pelletierine may be removed by 
shaking wjth chloroform while the other two alkaloids remain. For 
details of further separation see Tanret, (Compl. Rend., 1880, 90, 695). 

Pelletierine, C^H^jON, to which the name punicim has also been 
given, is an oily liquid, colourless when freshly prepared and kept out 
of contact with o.xygen, but oxidising readily in contact with air and 
forming a resinous mass. It boils with some decomposition at 195'’ 
under normal pressure and at 1 25° at 100 mm. Pelletierine has a sp. gr. 
of 0.988 at 0° and is dextrorotatory ([ajj — +8°), becoming inactive 
when heated to 100°. Its salts arc laivorotatory rotatory; (sulphate, 
— 30°) and on heating, either dry or in solution, lose a portion 
of the base. The alkaloid is soluble in 20 parts of water and is miscible 
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in all proportions with alcohol, chloroform and ether. It forms 
crystalline salts, from aqueous solutions of which alkaline hydroxides 
lil)cratc the alkaloid but which arc not affected by bicart)onates. 

Iso-pelletierine, C^H^sON, is apparently a stereoisomer of pelle- 
tierinc, which it very closely resembles, having the same b. p. and 
solubility but is optically inactive. 

Methyl-pelletiehne, is a liquid, b. p. 215°, soluble in 

25 parts of water at 12°, very soluble in alcohol, ether and chloroform, 
and forming crystalline salts which are very hygroscopic. The hydro- 
chloride is dextrorotatory ([a]^ = +22°.) The base is liberated from 
its salts by bicarbonates. 

Pseudo-pelletierine, C0H15ON, also referred to as methyl grana- 
tonine and gKdndtofihie, is the crystalline alkaloid of pomegranate bark 
and is the one which has been most carefully studied. It forms pris- 
matic crystals from petroleum ether, m. p. 48° (46°, Tanret), b. p. 
at 246°; is readily soluble in water, alcohol, ether and chloroform; less 
easily soluble in petroleum ether, and is optically inactive. It has 
been investigated at some length by Piccinini {Atti R. Accad dei 
Lined Ronid [5] 8, I, 392; [5] 8, II, 219. Gazz. Chim. ItaL, 1899, 29, 
[2I 104, 115; 1901, 31, [ij 561; 1902, 32, [i] 260) and by Ciamician 
and Silber {Ber., 1892, 25, 1601; 1893, 26, 156, 2738; 1894, 27, 2850; 
1896, 29, 481, 490, 2870). 

The estimation of the alkaloids in pomegranate bark may be 
accomplished by the method given by Fromme {Ccesar and Loretz 
Report, Sept., 1905, 81). 

Volu 7 netric Method . — To 7 grm. of the air-dried bark in moderately 
fine powder, add 70 grm. of ether. Shake together Uioroughly and 
then add 5 grm. of 15% solution of sodium hydroxide and macerate for 
half an hour with agitation. Filter rapidly, taking precautions to 
avoid all possible evaporation of ether; shake the filtered ethereal solution 
with 10 or 15 drops of water and set aside for a short time. Into a 
llask which has been previously washed with hydrochloric acid and 
then with water until free from acid, weigh 50 grm. of the ethereal 
solution, representing 5 grm. of the bark; add 30 grm. of distilled 
water and a few drops of iodeosin solution. Titrate the mixture with 
thorough shaking witli Nj 10 hydrochloric acid solution. Each c.c. 
of AT/io acid used X0.01475X 20 gives the percentage of total alka- 
loids in the bark. 

Gravimetric Method.—so grm. of the extract obtained as above is 
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shaken out with successive portions of 20, 10 and 10 c.c. of 1% hydro- 
chloric acid. The acid solutions arc filtered into another separator, 
made alkaline with sodium hydro.xide and again shaken out wiilr 
20, 10 and 10 c.c. of chloroform. The chloroform washings are filtered 
into a tared flask, treated with 5 drops of hydrochloric acid and the 
chloroform distilled off. Dry' the residue, first at 70-80° and finally 
in a desiccator over sulphuric acid to constant weight. The weight 
obtained is that of the hydrochlorides of the total alkaloids, 184 parts 
of which are equivalent to 147.5 parts of the free bases. 


SPARTEINE/ CjJIjoNj. 


This alkaloid is obtained by Houdi^ and Labordc {Pliarm. Jour. 

16, 543) by exhausting in a displacement-apparatus with proof- 
spirit the coarsely powdered leaves and branches of broom (Spartiun; 
scopariim). The product is filtered, distilled under reduced pressure, 
the residue dissolved in tartaric acid, tiic liquid filtered to remove a 
greenish deposit containing chlorophyll and scoparin, C2iH220,o, 
the filtrate rendered alkaline by potassium carbonate, and agitated 
several times with ether. The ethereal solution is shaken with tar- 
taric acid, and the acid liquid separated and again rendered alkaline 
and extracted with ether, which on evaporation leaves the alkaloid; 
the yield being about 0.3% of the plant used. 

Sparteine is a colourless, oily liquid, having a faint, somewhat 
pyridine-like odour and a bitter taste. Statements regarding its b. ]>. 
vary widely, that formerly accepted being 287-288° at normal pressure, 
but Bamberger gives 311° while Moureu and Valeur {Compt. Rend., 
1903, 137, 194) working on alkaloid prepared from the pure sulphate, 
found a b. p. of 325° under 754 mm. pressure and 188° under 18.5mm.; 
and Wackernagcl and Wolffenstein record 326° {Ber., 1904, 37, 3238). 
It distils readily with steam. Direct distillation must be carried out in 
the absence of air to avoid browning by oxidation. Exposure of the 
colourless alkaloid to air causes it to become brown and thick. It is 
readily soluble in alcohol, ether and cliloroform, but in water only to 

1 According to DeRymon, sparteine causes tremor, dilation of the pupils, incoordination 
of movements, and convulsions alternately tonic and dome. 

Schroff found that a drop of sparteine introduced into a rabbit’s mouth occasioned spasms 
of the muscles of the spine and limbs and paralysis of the latter, slowing of the rcspirutiuii 
and heart,* and death in 6 minutes. 

The effects of sparteine have been compared to those of coniine, but they do not explain 
the value of broom as a diuretic medicine. SoHs-Cohen considers that the unsatisfactory 
medicinal action in many cases is due to insufficient dosage, which should be in some cases 
up to 0.13 grm, (3 grains). 
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the extent of 0.3 grm. in 100 c.c., insoluble in benzol and petroleum 
ether. Its sp. gr. is 1.034 at o” and 1.0196 at 20°; [a]o = —16.42° 
in absolute alcohol; n^~ 1.5293 at 19° (Mourcu and Valcur). 

Sparteine is a well-defined base, uniting with acids to form cr}'stal- 
lisable salts, and having the constitution of a tertiar)' diamine. It is 
monacid in character with litmus and phcnolphthalein, and diacid to 
methyl-orange. Commercially available salts of sparteine are the 
sulphate, hydrochloride, hydriodide and triiodide. 

Sparteine sulphate,^ C, 5ll2eN2. 112^04+ sHjO, forms large, 
transparent, very soluble rhombohedra, a solution of which gives 
with alkali hydroxide and ammonia a white precipitate insoluble in 
excess. 

Cadmium iodide gives a white curdy precipitate, and sodium phos- 
phomolyhdate a white precipitate, dissolving on heating the liquid. 
Platinum chloride yields a yellow precipitate of BlljlhClgd- 2H2O, 
very insoluble in cold water and alcohol, but crystallising from hydro- 
chloric acid in rhombic prisms. Sparteine gives no colouration with 
concentrated mineral acids. It crystallises with 5H2O dries to con- 
stant weight with iICO in vacuo over sulphuric acid and when heated 
to 110° loses this last molecule of water and rapidly turns brown. 
When anhydrous it melts at 136°. In 3-6% aqueous solution 
[a]^= —22.12° at 15-20°. Soluble in i.i pts. of water, 2.4 pts. of 
alcohol at 25°, and insoluble in ether and chloroform. Because of its 
acid reaction to phcnolphthalein it may be titrated accurately with 
A^/10 alkali. 

Sparteine forms also a hydriodide, m. p. 226-228°; a dihydriodide, 
m. p. 257-258°; a platinkhloride, m. p. 244-257°, with decomposi- 
tion; an aurichloride, m. p. 175-184°, with decomposition; a picrate 
m. p. 199-200°; and oxalate, m. p. 138-140°, cry'stallising from alcohol 
with I mol. C3H5OH. It also forms a viethosulpliate, crystallising 
with 7H3O, [a]o= —24.54°, acid to litmus. 

From sparteine excess of methyl iodide readily forms a viethiodide 
in white plates, very soluble in alcohol and water, less soluble in 
acetone, alkaline to methyl orange, melting with decomposition at 
240° and having [a]D= — 22.75° in 12% aqueous solution. According 

'Administered in doses of o.i grm., Spariein* sulphate is stated (G. See, Compt. Rend., 
loi, 1046; Year-book Phartn., 1886, 283) to have a tonic action on the heart more 
prompt and lasting tluin that of digitalis of convallamarin, restoring the rhythm of the 
neart 8 action better than any known remedy, and resembling belladonna in accelerating the 
r'fiart-beats in weak and atonic conditions of the heart. It does not appear to have any 
rniunous action on the digestion, or on the nervovrs system generally. 
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to Bernheimer, on gradually adding 3 parts of iodine dissolved in ether 
to an ethereal solution of i part of sparteine, a black precipitate is 
formed which, when separated, washed with ether, and dissolved in 
boiling alcohol, cry’stallises on cooling in beautiful green needles of 
formula CisHjoNoIj. This substance is insoluble in cold water or 
alcohol, but dissolves in either liquid when heated. It is insoluble in 
ether, permanent in the air, and yields free sparteine when heated with 
alkali hydroxide. Bromine acts strongly on sparteine at the ordinary 
temperature, even when largely diluted with ether, forming an unde- 
fined resinous mass. The metho-bromidc melts with decomposition 
at 219°. 

It has been considered that sparteine is reduced by tin and hydro- 
chloric acid to diJiydrosparteine, C,5H,8N2, a heavy liquid boiling at 
281-284°, but Wackernagel and WollTenstein {Bcr., 1904, 37, 323*^) 
state that it cannot be reduced and is therefore not an unsaturated 
base. 

Sparteine is readily oxidized by various oxidising agents, with the 
production of a series of related compounds. 

Spartyrine (WillsUitter and Marx, Ber., 1905,38, 1772) or deliy- 
drosparteine (Ahrens, Bcr,, 1893, 26, 3035), 0151124X2, is recorded hy 
the latter as a liquid boiling at 314-315°, but the former authorities, 
obtaining it by oxidation of the sulphate with chromic acid, describe 
it as forming crystals from ethyl acetate, m. p. 153-154°, [n]i/= 
— 25.96° at 18.5°. 

Oxysparteine (Willstatter and Marx, Bcr., 1905, 38, 1772) or 
hydroxysparteine (Ahrens, Ber., 1891, 24, 1095), ^'15^124^^2, obtained 
by the former by further oxidation of sparteine sulphate with chromic 
acid, crystallises in needles, m. p. 87.5° (84°— Ahrens) ; b. p. 209° under 
12.5 mm.; [«]„= —10.04° at 18°. It is not oxidised further by 
chromic acid or potassium permanganate. Phosphorus oxychloride 
causes elimination of i mol. of water with the production of a volatile 
base, C15II22N2. The platinicldoride of oxysparteine forms short 
prisms with 2II2O, which become anhydrous at 130° and melt with 
decomposition at 225-227.° 

Dioxysparteine, 0,5112402X2, forms prisms, m. p. 128-129''. 
By heating with concentrated hydrochloric acid it is converted int« 
dehydrosparteine (Ahrens, Ber , 1887, 20, 2218; 1892, 25, 3607.) 

Trioxysparteine, C,5H3/)3N2, forms deliquescent crystals and is 
a monacid base. 
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Two isomeric, oily, liquid bases of formula Cj^HjeONj ^^e also 
reported by Ahrens as found by oxidation of sparteine. 

A number of methyl-, methiodo- and ethiodo-derivatives have also 
been prepared. 

According to Grandval and Valscr, when a drop of ammonium 
sulphydratc is placed on a watch-glass, and a trace of sparteine or 
one of its salts added to it, a permanent orange-red colouration is 
immediately produced. 

Reichard (Pharm. Cenlr., 1905, 45, 300) gives the following colour 
reactions for sparteine: 

Ammonium molybdate in sulphuric acid gives no colour with spar- 
teine, but on the addition of ammonium persulphate a yellow colour 
results. 

Mix a few drops of a solution of ferric chloride and potassium thio- 
cyanate; evaporate to dr)^ness and add a drop or two of aqueous 
solution of sparteine, when a violet-blue to reddish-violet colour 
appears, permanent on drjnng. 

By substituting potassium ferrocyanidc for the thiocyanate in the 
above test, a pale violet colour is produced. On treating the dried spot 
from this test with solution of potassium thiocyanate, the colour 
changes to pale blue and deep blue on drying. 

SPIGELINE. 

This is said to be the active principle of Spigclia Marylandica, or 
“pink-root.” As obtained by W. L. Dudley, by distilling the root 
with milk of lime, it was volatile, gave witli iodine a browmish-red 
precipitate, and with Mayer’s reagent a white cry'stalline precipitate 
soluble in alcohol and ether, and differing from most similar precipi- 
tates by being soluble in dilute acid. Spigeline is said by Stabler to 
be bitter, precipitated by tannin, and soluble in w'ater and alcohol, 
but not in ether (?). Pink-root is often used as a vermifuge, and 
possesses poisonous properties allied to those of gelscmium, depressing 
the action of the heart and of respiration, and in large doses causing 
loss of muscular power {Praciilioncr, July, 1887). It produces stra- 
bismus, dilatation of the pupils, and temporary loss of sight, with 
some drowsiness but not narcotism. A ffuidextract of spigelia root is 
official in the United States Pharmacopwia. 
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Other Volatile Alkaloids. 

Pictet and Court {Ber., 1907, 40, 3771) record the isolation of a 
volatile base of the formula or from the fruit of 

Piper nignim L., the aurkhloride of which crystallises from dilute 
hydrochloric acid in yellow leaflets or needles, m. p. 182°. The 
platinidiloride melts at 203° and is insoluble in alcohol. 

They obtained from the leaves of the carrot two volatile bases, the 
more easily volatile of which was identified as pyrrolidine; the other 
was a new base to which they gave the name daucinc. It is a colour- 
less, oily liquid, with an odour resembling nicotine, b. p. 240-250", 
soluble in water, alcohol, ether, of distinct alkaline reaction to litmus 
and having an optical rotation of [a]^^ +7*74^- 1'hcy give for its 
formula, CuHigNj. From the seeds of the carrot they obtained very 
small quantities of a base which is a pyrrole derivative, and giving an 
insoluble aurkhloride decomposing at 172-175°. 

From parsley leaves a small quantily of a volatile base was obtained 
which received, however, but little investigation. 
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By R. W. tonkin. 

Nicotine. C^oH^.N^; or C.H^N.C.H^N.CHj. 

Nicotine is a liquid alkaloid and is the main poisonous basic principle 
in tobacco, in which it occurs in very variable proportions. In the 
plant it exists in combination with organic acids (malic, citric, etc.). 
Nicotine is / 9 -pyridyl-a-w-methylpyrrolidine. Pictet (Ber., 1900, 33, 
2355), startmg from ^^-aminopyridine which was successively converted 
into^?-pyridyl-pyrrole, I-methyl-2-/^-pyridyl-py^role,nicotyrin,I-methyl- 
2--9-pyridyl-tetraiodo-pyrrole, obtained telrahydronicotyrine, which is 
i-nicotine. Pure nicotine is a colourless, oily fluid which boils without 
decomposition at 246.7 under 745 mm.; it does not solidify at —30°; 
the sp, gr. is i.oi at 20®, It has a sharp burning taste, and if pure but 
little odour. On exposure to air for any time it acquires the peculiar 
smell of tobacco, and after prolonged exposure becomes brown in 
colour, and is eventually changed to a resinous mass. 

Nicotine is powerfully licvorotary/ [af"’ = — 166.33®, but its salts, 

D 

on the contrary, are dextrorotary. Landoltgives[a]*° = — 161.55®. 

The following values are given by Landolt {Optische-Drehungsver- 
mijgen) for the specific rotation of nicotine in aqueous solution. 
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I 

% Water i 

Sp. gr. at 3oV4® : 

1 in dm. 

30 

a 

D 

1 

89.9a 

10.08 

1.0267 

0.9993 

-133.47'* 

-153.85 

78.39 

31 , 61 

I. 035 J 

1 0.9993 i 

- 88.8a 

-109.53 

05.90 

34 -IO 

1 ,0401 

! 0.999a ; 

- 64.54 

1 - 94.24 

S 3 .48 

46-53 

1.0365 

0.999a 

- 47.9s 

- 86.58 

34.39 

65.71 

1 .0238 

0.498a 

-- 14. IX 

- 80.78 

17.68 

83.33 

1 .0116 

0.498a 

~ 6.85 

— 76.94 


83.66 

I . 0096 

0.498a 

— 6.3a 

- 76.88 

0.97 

91.03 

1.0047 

0.9993 

- 6.80 

- 75-53 


values of specific rotatory power of nicotine salU in aqueous solution at 
QiHerent concentrations consult Undolt {loc. cit,). 


Nicotine is very hygroscopic; on dissolving the alkaloid in water 
heat is developed, and a contraction in volume occurs. 
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C. S. Hudson {Zeit. Physikal. Client. j 1904, 47, 113) has invcsti^atid 
the solubility of nicotine in water, and finds that 5% of nicolijK' is 
soluble at any temperature in water and 15% of water in nicotiiu'. 
The solubility curve is a closed figure and shows the formation of a 
definite hydrate which between the temperatures of 60° and 210° will 
separate out from the excess of either water or nicotine; the density of 
the hydrate varies according to the temperature more rapidly than 
that of water or nicotine, so that the upper or lower layer may be the 
hydrate according to the temperature. The solubility of the hydrate 
in water varies according to the temperature. 

The aqueous solution of nicotine is powerfully alkaline in reaction. 
The nicotine is partially separated l)y addition of excess of potassium 
or sodium hydroxide (compare pyridine). Nicotine in aqueous solu- 
tion, and in the absence of any other free l)asc, can be estimated by 
titration with standard acid and methyl-orange. 

Nicotine forms 2 classes of salts. The monacid salts are stable 
and neutral to litmus and methyl-orange, but the diacid salts have an 
acid reaction. Most of the salts of nicotine crystallise with difficulty. 
The acid tartrate, Cj^Hj^N2(C4H<,Ofl)2T sHoO, is an exception, and 
forms handsome tufts when ether is added to its alcoholic solution. 

Detection of Nicotine. 

Although of high b. p., nicotine, like coniine, is readily volatile with 
steam and if an aqueous alkaline solution be distilled the nicotine 
passes over in the earlier distillates. 

The usual reagents for alkaloids precipitate nicotine from more 
dilute solutions than coniine, which is the most likely alkaloid to (ii>til 
with nicotine; thus the platiiiichloride of nicotine is precipitated from 
a 1:5,000 solution (coniine only in 1:1000). 

Gold chloride precipitates nicotine from 1:10,000; mercury-potas- 
sium iodide solution from 1:15,000; bi.smuth-potas.sium iodide solution 
from 1:40,000; iodine in potas.sium iodide solution from 1:250,000. 

If a small quantity of nicotine dissolved in dry ether with a little 
iodine is allowed to stand in a sealed tube a resinous precipitate is 
gradually formed, while in the liquid ruby-red crystals, which look 
dark blue by reflected light, are formed (Roussin's crystals). 

K'ippernberger (Zeitsch. Anal. Chem.y 1903, 42, 274) states that the 
formation is most certain when i mol. nicotine is acted on by 2 mob. 
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iodine; but that the colour and formation of the crystals may vary con- 
siderably, and does not regard it as a very decisive test. 

Schindelmeiser^s Reaction {Pliarm. Zentr-h., 1899, 40, 703).— If 
nicotine, free from resin, is treated with a drop of formaldehyde (which 
should not contain any formic acid) and then with a drop of concen- 
trated nitric acid the mixture is coloured deep rose- red. If the mixture 
of nicotine and formaldehyde is allowed to stand for some hours a 
solid compound is formed which will give a more pronounced coloura- 
tion with the acid; but in this case excess of formaldehyde must be 
avoided as otherwise the mass formed is greenish coloured and 
rapidly dccompo.ses. Tri methyl amine, piperidine, pyridine, picolinc, 
quinoline and aniline give no reaction in this way. 

Extracts of decomposing horseflesh or the entrails of other animals, 
prepared by Stas-Otto’s method, also give no reaction. 

Melzer (ZeilscJi. Anal. Chem., 1908, 37, 357) find that nicotine 
reacts energetically with cpichlorhydrin when heated to 120°, giving a 
deep red coloured product; in concentrated solutions the reaction 
becomes violent. 0.5 c.c. of a 1:500 sol. of nicotine in alcohol boiled 
with 2 c.c. cpichlorhydrin gives a distinct red colour; and le.sser quan- 
tities may be detected by boiling the mixture for some time. About 
0.0005 nicotine may be detected in this way. Strong solutions 
of lobeline give a somewhat similar colour, but solutions of coniine 
give only a feeble yellowish colouration. 

Aniline, dimethylaniline, cadaverine and ammonia give no reaction. 

Picric acid, if added in excess to .solution of nicotine, throws down 
nicotine picrate as an amorphous yellow precipitate, which rapidly 
changes to a mass of crystalline tufts, even in presence of foreign 
organic matter. 

Nicotine is precipitated by Mayer’s reagent from very, dilute solu- 
tions; and, by operating in strongly acid liquids, Zinofisky obtained 
very good quantitative results. The formula of the precipitate is 
^loHjoNjHgl,,, and i c.c. of the reagent represents 0.00202 grm. of 
nicotine. 

On adding mercuric chloride to a solution of nicotine a white crys- 
ialline precipitate is produced, soluble in dilute hydrochloric or acetic 
^icid. This is the most characteristic reaction of nicotine. Str>'chnine 
produces a similar precipitate, nearly insoluble in acetic acid. Many 
other alkaloids are precipitated, but the compounds are almost in- 
variably amorphous. This is the case with the precipitate produced 
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by coniine, which is almost the only alkaloid which will distil over with 
nicotine on boiling the solution with a slight excess of sodium hydroxide. 
Ammonia, however, behaves like nicotine, and must, if necessary, be 
separated before applying the test. In addition to the above chemical 
tests the physiological action of nicotine may be used to detect small 
quantities of the alkaloid. Frogs show very characteristic symptoms 
of nicotine poisoning; at first excitation, and afterward paralysis of the 
brain and respiratory muscles, with tetanic convulsions similar to those 
produced by curare. The intermittent diastolic stopping of the heart 
is extremely characteristic of nicotine. 

Estimation of Nicotine. 

A variety of methods have been devised for the estimation of nicotine 
in tobacco, insecticides, and similar preparations. The majority of 
the earlier ones employed distillation of the nicotine to separate the 
alkaloid, but have now been superseded by metliods involving extrac- 
tion with some suitable solvent. 

E. ;\lgrain {Mem, des Manufactures de VEtai^ 1908, 256) gives the fol- 
lowing process: 20 grm. of the finely powdered tobacco are triturated 
with 20-50 c.c. of a liquor composed of 90% saturated salt solution and 
10% sodium hydroxide solution of 45^ Be*, in a wide-mouthed bottle. 
100 c.c. petroleum are added and the mixture shaken well for i 4 
hour. An aliquot part of the petroleum is filtered off and after 
adding to it 50 c.c. water and a drop or two of indicator (litmus 
is named) the nicotine is titrated with standard sulphuric acid. 
The results should be increased by one-tenth. A quick method is 
that of Kissling’s {Zeitsch. Anal. Chem., 1895, 34 » 34S) which is 
described i^^ detail on page 250, 

C. C. Keller {Ber. d. Deut. Pharm. Ges., 1898, 8, 155) gives the 
following: Take 6 grm. of the powdered tobacco and shake up with 
10 c.c, of 20% potassium hydroxide solution and 60 c.c. each of ether 
and petroleum ether for 15 minutes in a closed vessel. Then allow to 
rest for 3 hours. Filter off 100 c.c. into a glass and remove the ammo- 
nia by blowing a strong current of air through it for 2 minutes. To 
the residue add 10 c.c. alcohol and lo c.c. water with a drop of iodeosin 
solution as indicator, and shake well. Add an excess of N/io sul 
phuric acid, and titrate back with N/io potassium hydroxide. 

Tith’s Method {Chem. Zeii.y 1901, 25, 610). — 6 grm. of dry pow 
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dered tobacco are triturated in a mortar with 10 c.c. of 20% sodium 
hydroxide solution and into this paste enough burned gypsum (plaster 
of Paris) is worked to produce a dry mass which will not “bind” when 
pressed into a lump. This mixture is put into a well stoppered bottle 
and to it is added 60 c.c. of ether and 60 c.c. of petroleum ether. The 
bottle is shaken at frequent intervals for an hour; 20 c.c. of the ether 
mixture is drawn off and titrated after adding to it 50 c.c. water and a 
drop of iodeosin solution. It is l)est to add excess of acid and shake 
well, and then titrate back with iY / 10 potassium hydroxide solution. 
It is of interest to note that Kippenberger {Zcilsch. Anal. Cliemie, 1900, 
39j 210) investigated the action of the following indicators when 
titrating various alkaloidal solutions; iodeosin, ethyl orange, azolitmin, 
uranin, cochineal, hrematoxylin, phcnolphthalcin, laemoid and alkanin. 
He found that laemoid worked best for nicotine, followed by iodeosin, 
uranin, and cochineal in the order given. 

Of the methods just given, that of Toth is most used in England at 
present, and is applicable, with slight variations, to many estimations 
of alkaloids. The plaster of Paris removes any ammonia which may 
be produced from the tobacco, and the only drawback to it is that the 
titration may take a long time, owing to the ether and aqueous layers 
separating slowly if much resinous matter has been extracted from 
the tobacco material employed. It is the most satisfactory to use. 
Keller’s and Kissling’s methods are liable to give results too high owing 
to the presence of ammonia in the extracts, but have been much used 
oil the continent, and Kissling’s method was adopted by the A. 0 . A. C. 
in 1904. 


Poisoning by Nicotine and Tobacco. 

Nicotine is one of the most violent poisons known. Only a few 
instances are on record of poisoning of the human subject by the pure 
alkaloid^ but the effects of tobacco, which owes its poisonous properties 
entirely to nicotine, are well known. Impure solutions of nicotine 
and infusions of tobacco arc employed as insecticides. 

The usual effects of a poisonous dose of tobacco, when taken into 
Ibe stomach, arc confusion in the head, paleness of the countenance, 
vertigo, nausea, severe retching and vomiting, heat in the stomach, 
great anxiety, a sense of sinking at the pit of the stomach with extreme 
prostration, trembling of the limbs, and sometimes violent purging. 

Vol. VI.~i6 
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The pulse is small, feeble, and almost imperceptible; the rcspiralioii 
difficult, and the skin cold and clammy ; the pupils are generally dilaU d, 
but sometimes contracted, and the vision is usually more or less 
impaired. Death is often preceded by convulsions and paralysis ’’ 
(T. G. VVormlcy, Microchemistry of Poisons). 

In toxicological investigations, nicotine may be isolated from the 
viscera in the same manner as coniine. An alternative method 
is to digest the suspected matters with water acidified with acetic 
acid, and treat the filtered liejuid with excess of lead acetate. 
The liquid is again filtered, the lead removed from the filtrate hy 
passing hydrogen sulphide, and the clear solution treated with sodium 
hydroxide, separated from any precipitate, and distilled, when a tlui*! 
having the odour and exhibiting the reactions of nicotine will he 
obtained. 


Tobacco. 

Tobacco is the dried leaf of Xicotianum Tabacum, or N. Rnstuw. 
the latter furnishing Kast Indian and 'Turkish tobacco. Persi;i:i 
tobacco which has been regarded as a separate species is a variety of 
iV. Tahaciim. 

The tobacco plant is very susceptible to variations of climate ami 
soil, which have in time a very marked effect on the texture and prop- 
erties of the leaves, no less than 50 varieties of tobacco plants Ixing 
recognised in the United .States. 

The plant owes its use to the volatile alkaloid nicotine which it eim- 
tains in very variable proportions. In addition nicotinine, nicoteme, 
nicotelline, pyrrolidine and methyl-pyrroline have been separated in 
small quantities from the crude alkaloid extracted from tobacco. 

T. E. Thoq)e {'Frans., 1901, 79, 982) finds that tobacco leaf contains 
0.1% of a paraffin, and 0.2% of waxy matter. 

The leaves of tobacco when gathered must be cured and the manm r 
in which the process is carried out has a most important effect on the 
quality, colour and texture of the resulting tobacco. 

The curing process docs not seem to be simply a matter of drying 
out moi.sture, but involves the action of life. 

J, Behrens {Landw. Versucks-Stat., 1894, 40, 248) finds that if haves 
are subjected to the vapour of chloroform before curing, they dry up? 
and contain much more starchy matter, more sugar and more albumin- 
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oi(l nitrogen than leaves normally cured. In addition the heavier and 
darker tobaccos are subjected to a process of fermentation. The result 
of this is to modify the composition of the leaf and alter the flavour 
by producing “ferment oils.” 

The loss on fermentation varies from 8 to but the amount 
lost is no indication of a good or bad fermentation, the success of the 
operation depending on the flavour imparted to the tobacco. 

Schizomycetes occur in fermented tobacco in large numbers, but 
the number of species is ver}' limited. Trial experiments by IT 
Suchsland, with foreign ferments on German tobaccoTeaves, yielded 
a tobacco not recognisable as of (ierman origin. 

In the curing of Louisiana “IVricjue” tobacco most of the organic 
acids present in the leaf are converted into butyric acid, to which the 
peculiar flavour of this tol)acco is due. 

K. (duajat {Bird, Cenfr., 1S80, 345) found the ash of 14 samples 
of dry tobacco (including both superior and common kinds) to range 
from 31.03G ii'^ ^ Ba.ssano sample to 17.11 in Virginian and 16.78% 
in 'ITirkish. lie considers that the (juality of tobacco varies inversely 
with the ash, l)Ut Xessler recognises no relation between the two. 
The proportion and composition of the ash of English tobacco has 
been investigated liy A. Wingham {J.Sor. Chem. Ind., 1S87, 6, 76, 400), 
of Indian and Burmese toliaccos by B. Romanis {Chon. NcivSy t88i, 
46, 248), and of various kinds of tobacco grown in Japan by J. Taka- 
yama {Chem. Xocs, 1885, 49, 301), and Fesca and Imai {J. Soc. 
Client. I ltd., 1 888, 7, 759). 

'I'he combustibility of tobacco is profoundly adected by the pro- 
portion and nature of the universal constituents, especially the calcium 
and potassium, and the forms of combination in which these metals 
occur. 'Flic ash of the more combustible tobaccos is comparatively 
rich in potassium carbonate, showing tire presence of a large proportion 
of organic salts of potassium in the original tobacco, while the ash of 
tobacco of inferior burning (pialily contains a larger proportion of 
sulphates or chlorides, and hence proportionately less alkaline car- 
bonates. According to Schloesing and Nessler tobacco burns best 
^vhen it contains a considerable proportion of potassium malatc, which 
IS a natural constituent of the leaf; but the effect may be imitated, and 
a slow burning tobacco improved, by the addition of potassium acetate 
or other organic salt of potassium. 

I'he mode of existence of the nilrogen in tobacco has been investi- 
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gated by Fcsca and Imai (/. Soc, Chem. Ind., 1888, 7, 759), who have 
published the following among other interesting analytical data 4 


Highest 

pofccnt.iKC 


l.owest 

poroonta^’c 


Avera;;.' 
of 6 


In air -dried tobacco : 

Sand 1 . 0 1 

Moisture 12.21 

In dry, sand-free tobacco: 

Pure ash i.^.64 

Containing S'lluhlo C()j 0.57 

Containing insolulde CO,- 4.19 

Containing K;0 4.73 

Crude fat 14.4 j 

Crude fibre tS '^o 

Total nitrogen i .><•> 

Atuino-nitrogen 0.67 

Albun-,inoid.s 

N’icotinc 4.0 

Per 100 parts of total nitrogen: 

as a:i:ino-comi>ounds 4t . ^ 

N as albuminoids 40.0 

N us nicotine 48.0 


t .02 
«.39 

10.68 

o..t 4 

.3 0 5 

3.14 

10.34 
M . 17 
I . 29 
0.12 

O . Cl'} 

2 .03 


29 . 7 


1.48 

10.4(1 

I 2 . .S 3 
0.14 
3 . ^.1 

I , I 3 

14.10 

I ..;4 


3 . 1 0 


The inlluence of the soil and fertilizers used on the <]uantity and 
quality of tobacco i)roduced have been inve.stigatcd by many experi- 
mental agricultural stations, and the following tal)les show the com- 
position of tobacco grown with various fertilizers at the Connecticut 
Agric. Station in 1896, with the deductions of the Board; the experi- 
ments were carried on for 6 years, 1891 to 1896. 

' Pesca and Imai deduce the following conclusions from their researches: The qu;it;(:tv 
of nicotine may be considered as bearing the s.ame relation to tobacco as the pen ■ i 

alcohol does to si)irituou.s liquors; but as vet a high percentage of nicotine has imt 'i: , a 
shown to be an indic.ation of the good quafity of toljacco. Nitric acid should not b< S md 
in well fermented tobaccos. Ammonia estimations arc frequently too high, as they ita ! i i ' 
some arnino-nitrogen. o.i% or so of ammonia does not seem to lower the qu.ilily i .' tli ' 
tobacco. The proteins in a tobacco afford no indication of quality unless the proporti t 
amines is simultaneously considered. The amino nit rtigcn represents for the most put 
harniles.s, or, perhaps, even bcnclicial, nitrogenous compounds. It is ixissible that a tiui i r 
study of these substances and their dccompoi-itions will reveal the prc:’>encc of : ubslaim - 
exercising a direct influence on the quality of tobacco. Anyway, the conversion of i)n4' ins 
into amine.s is one of the most important results of the fermentation. Ordinary fat deter- 
rninationrs, or rather extracts, are of no use in tobacco analysis. Carbohydrates should s 4 
be present in well-fcrrncnted tobacco, but a study of the changes they undergo would d' '.’. t- 
Icis ’oc of great value in connection with tobacco. Only considerable differences in liitf 
amount of the various constituents of tobacco can give any conclusive indication of the 
quality of a tobacco. Very bad tobaccos always contain much protein matter, suli luiric 
acid, chhirinc, and large quantities of mineral acids, with small proportions of air,ino nilr • 
gen, pot isiiu:n salt, etc. By the present methods of analysis it is ea.sicr to recognise a t ;ia 
tobacco tli.in one of good quality, liases, particularly potash and lime, in medium (juu lit.v. 
are favouratde to the good quality, and especially the combustiliility, of tobacco. An e.-tsi 
of either of these bases over a liberal mean percentage is neither a sign of gocxl quality ivr 
combustiliility, .and only an exceptionally low percentage of either of them can be regariiru 
with cert-ainly as a bad sign. Very high magnesia is preiudicial to the comhuslibiliiy- 
Mineral acids in large quantities iridicatc both bad combustiliility and qu.ality; but only a 
very hU'h proportion of an individual acid can be safely con.sidcrcd a decidedly bad indica- 
tion. The coinbustibilityis influenced to the greatest extent by the quantity of sulpuhric 
present, and in a diminishing degree bv the percentage of chlorine, phosphoric acid, ana 
silica in the tobacco. The percentage of solutdc carbonates appears to have no import.mt 
influence on the quality and combustibility of tobacco; the influence of the total quatitiiy 
of carbonates in the ash is much greater, but even in this there is a maximum beyond wliicli 
the percentage of carbonic anhyilridc in the ash cannot be regardeil as indicating inen i.io 
of combustiViility. The relation of carbonates to the mineral acids is a much more impe’'; 
tant factor, a large Tpo-ponderanee of the former being a favouralile sign. High basi' itv at 
ash is an excelh'nt indication of good combustibility, especially when not due either entinlyi 
or to a great extent, to magnesia or iron. 
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Quantity of inKredients Tobacco in i8y6, lbs. 

supplied in lbs. per acre | per acre 


Plot 

Manure used ' 

Nitro- : 
gen 

Phosp. , 
acid 

Potash 

Total 

Long 

wrap- 

per 

Short 

wrap- 

per 

p . . . . 

Cotton seed rncal, dou- j 
ble carbonate of potas- I 
siuin and magnesium 1 
and bone. 

los 

*57 ; 

340 

*255 

525 

26s 

D.... 

Cotton seed meal, cot- 
ton hull ashes. 

210 

*95 

340 

*730 

94 5 

275 

F.... 

Linseed meal, cotton 
hull ashes, bone. 

105 

*43 

*50 

1210 

400 

2*5 

Y . . . . 

Cotton seed meal, wood- 
ashes. 

105 

150 

340 

1390 

63s 

200 

AA... 

Horse manure 

1 1 1 

71 

149 

*375 

650 

160 

0.... 

Cotton seed meal, potas- 
sium carbonate, bone. 

los 

157 

340 

1440 

680 

27s 

H.... 

Castor pomace, cotton 
hull ashes. 

310 

188 

340 

*775 

940 

375 

L.... 

; Cotton seed meal, dou- 
’ ble sulphate of potas- 
; sium and magnesium, 
bone. 

105 , 

^57 

340 

* 5*5 

1 64s 

22s 

BH... 

Tobacco stems 

1 t I 

36 

486 

158s 

830 

395 

M . . . . 

Cotton seed meal, high 
grade potassium sul- 
phate, bone. 

105 

*57 

340 

*540 

645 

250 


TOBACCO GROWN AT CONN. AGRIC. STATION IN i8()6. COMPO- 
SITION OF LEAF FROxM VARIOUS PLOTS. 

T>oN(i Wr,\pi’F.r Leaves. 


p D :F :YiAA*o|H|L M 

% 1 \o Vo *0 I Vo i /o .<■> I -0 I -0 /O 


Ash 

15.84 18.04 15.60 17.35 *8.26 16.10 17. 5 * *8.33 *6.90 18.34 

Ether extract 

5.38 4.66 5.38 4-.S5 5-78 5-39 4 85 4.90 5-26 4.90 

Fibre 

13.84 12.73 13.91 *3.30 14.77 13.75 *2.90 13.81 13.62 14.13 

Nicotine 

3.66 3.13 3.35 2.97 2.67 3.19 3.29' 2.89 3.66 2.81 

Nitric acid 

1.48 4.16 0.62 1.43 1. 00 i.8i 3.76 1.43 3. 44 ' o.6i 

Proteids. . . . 

19.49 *8.46 17.84 17.64 *7.07 19.03 18.91 *8.12 18.96 18.09 

Nilrogon-free extract 

40.41 38.83 43.30 42.76 40.45 40.83 38.78 40.52,38.i6'4i.ia 

Total nitrogen . . 

4.T4 4.58 3-59 3 . 7 li 3.4S1 4.06 4.57! 3.77I 4-55 3-53 

Nitrogen as nicotine 

0.64 0.55 0.58, o.saj 0.46 0.55 o.57| 0.50; 0.63 0.48 

Nitrogen as nitric acid .... 

0.39 1.08 0.16, 0.37I o.a6 0.47 o.97j 0.37I 0.89 0.16 

Nitrogen as proteid 

3.11 2.95 2.85' 2.82; a. 73 3.04 3.03! a. 90 3.03 a. 89 
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Short Wrapper Leaves. 


p y y }' y ” y , : m 


Ash 17.47 i‘).SS 17 .So I'). vH ::o.hi i.H , ;o 20 . 1 0 2 1 . 1 ^ 2 o. i ] .m..[ 

Kthcr c.xtract S..So 5.29 6.t< 5.2,s O.oi s.65 5 ''^ S 10 5 ,s,« i, 

Fibre 12.78 12.01 t | . lo 1 1 . j,| 1 .4 . i ■; i 2 . 8 ’ i > . 1 6 i 2 , 58 ( 2 . ; 12,^ 

Nicotine .t.50 2.6<> 2.71 2.41 -’.So 2,58 2.5,4 2.52 2. 2.4 

Nitric aciil 0.67 2. .47 0.27 0.71 o..ti 0..S1 5,47 0.54 .ris 0.12 

Proteids 1,4 .00 14 .67 1 4 . 16 1 4 . 1 2 12 ,<;<) 14.54 14.84 1 2 . So 14 . 27 i ; . 77 

Nitrogen free extract 46. 78 44 . so 45 . 4 4 V).oi 44.47 40 . if) 4 1 .60 .45 . 42 40 . .,5 . 3 

Total nitrogen 2.87 4.20 2,0.4 2.^8 2.50 2.80 4,72 2.02 .t.fio ,■ rs 

Nitrogen as nicotine 0.61 0.46 0.47 0.40 0.40 0.4s 0.4.4 o.44 o.44 ; 0 

Nitrogen as nitric acid ... . o.iS o.f)4 0.07 0.18 o.ii 0.22 0.90 0.14 0,87 o. .s 

Nitrogen as proteids 2.08 2.10 2.10 2.10 2.0H Q.ifj 2,48 2.04 2.20 2.:! 


ASH ANALYSIS. 

Long Wr^xppers. 

P D P y A A O II L PB .M 


Silica J.64 1.67 1-47 1.17 1.04 1.44 1.52 1.20 I.C9 ' f* 

Pota. 4 h 45 . S4 44.40 41 .88 42. 14 47 .91 46 . 56 44 . 46 48 , 62 54 , -/fi .pS.fn 

Soda 1.07 0.7.3 0.8s 0.68 0.40 o.,59 0.8E 0.49 0.48 o,;i 

Lime 2.3 .89 40. 50 50. 95 ,44 . 76 19.80 45 .8.5 28 . 20 42 . 1 7 27 ..4.=; '8 

Magnesia 16 .44 1 2 . 18 1 2 . loj 9.4412.16 5,1214.14 8.87 6.84 ' I'f 

Iron and aluimna 2.06 a. 0.4 i.47'' 1.72; 1,14: 2.01' 1.84! 1.78 124 2 '^'' 

Phoshphoric acid .4.80; 4.48 3., 48' 3.26' 3.41' 3.57; 3.40! 3.95 2.98 4 y 

Sulphuric acid 4.92 4.40 6.8oi 5.321 5.41' 4.14I S ..5.')! 1 1 • i F 4.‘i8 ^ 

Chlorine 0.84 0.91 o.6S; 1.95 '>.26 0.94 1.85! 2.2o| 2.14 

— L I ^ ^ ^ \ “ 
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Short Wrappers. 


i p 

p 

F 

, Y AA 0 

pi 

L 

BB M 

1 

'.0 

; % 

■ % ’ % ; % 

Vo 

or 



Silica 2.41 2.77 2.41 1.70 1.80 2.69 3.24 1.89 I. 9 S 2.36 

potash 46.34 40. 29 39.88 41 .43 42 . 70 44.92 44 .48 35 .82 51.41 36.62 

Soda I -76 1.18 1.34 1.24 0-65 0.77 1.03 0.72 1.09 0.90 

Lime 18.76 34 07 31 .04 36.39 23 .45 38. 1 1 25 .59 33 .68 29.90 40.41 

Magnesia 22 , 37 1 2 . 58 i.; .44 9.1913.68 5,1616.1210.00 6.99 4.71 

Iron and alumina 2.57 2.55 2.22 2.37 2.79 2,66 2.06 2.73 2.32 2.10 

Phosphoric acid 2.84 2.90 2.71 2.43 2.97 2.62 2,61 3.00 1.91 3.77 

Sulpliuric acid 3.57 3.27 5.63 4.47 4.51 2.62 4.0611.23 3.45 8.72 

Chlorine 0.49 0.48 0.41 i.oo 9.61 0.56 1.03 1.18 1.25 0.52 


!•' I R ]>1 1 OLD 1X0 T KSTS . 

P D F Y AA 0 H L BB i M 


Long leaves 4 3 6 i S s 9 7 210 

Short leaves 5 4 3 i 8 3 710 6 9 


On fermentation the tol)acco lost lo^^, and was submitted to a 
tobacco expert who arranged the samples in the following order of 
commercial merit. 

P. Y. AA. H. F. 0. D. BB. L. M. 

Tile main influence of the fertilizer is seen in the composition of the 
ash. There is but little diflerence in the amount of ether extract, 
fibre and nitrogen-free extract traceable to the fertilizer used. 

Where a large ejuantity of nitrogen was supplied the nitrates in the 
leaf increased, also the percentage of nicotine and proteids. 

The plot dressed with high grade potassium sulphate contained 
least potash in the ash, and the burning properties were very unsatis- 
factory, which agrees with the generally accepted views on the action of 
sulphates in tobacco. 

The plot treated with stable manure contained 5 times as much 
clilorine as any other. The short leaves were riper when gathered and 
contained slightly more nicotine, and somewhat less nitrates than the 
^cug wrappers. 

appears to be essential to the growing of good crops of tobacco to 
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manure heavily, as otherwise the ground soon becomes exhausted. 
As the main growth takes place only in the summer for a period of 
2 or 3 months, a larger proportion of available plant food must be 
present than would be required for crops of a longer period of growth. 
This has the result that in northern districts more manure is required 
than in those where the summer heat lasts longer, in order that the 
tobacco may reach maturity. 

Also as good tobacco land is of light texture, it suffers more loss 
from drainage, decomposition, etc., than soils of a more compact 
nature. 

The quality of smoking tobacco depends largely on its burning 
properties; if it burns well, less narcotic i)roducts arc produced than 
if it bums badly, and so it is free from “rankness,” which is due to 
the presence of large quantities of protein matter in the leaf. Too 
large a quantity of nitrogen in the fertilizer should be avoided to pre- 
vent excessive formation of proteid matter. 

From experiments in North Carolina (N. C. Agric, Fx]). Stat. 
Bulletin No. 122) it has been found that nicotine is derived from 
protein matter, the nitrogen of wliich is absorbed from the soil as 
nitrates. When the plant is fully ripened the percentage of nicotine 
is highest, and only traces of nitrates are present in any part of the 
plant. 

Besides cellulose, protein compounds, pectic acid, gum-resins, and 
other ordinar}' plant-constituents, the leaf of to]>acco contains a pecul- 
iar volatile, crystalline principle called nicotianin or tobacco-camplior, 
to which the formula C23H32O3N2 has been attributed. Tobacco 
also contains the volatile alkaloid nicotine, which is apparently peculiar 
to the genus. This base exists in combination with malic acid, but 
the presence of citrates, acetates, and oxalates has also been established.' 


* From 100 «rm. of dried tobacco leaves Goupel obtained from 3 to 4 grm. of arnmoniun 
hydrogen rnalale. J, Takayania {them. Nnvs, 50, 300) obtained the tollowing percen' 
results by the analysis of Japanese tobacco: 



Nagato 

Shiniozuki 

Settzu 

Osunii 

Water 1 

6.41 

10. or 

7.63 

1 3 . iH 

Ash 1 

J 5-76 

8.45 

20,71 

9 . 80 

Nicotine ! 

*■45 

3.02 

3.9* 

1.89 

Acetic acid i 

0.0s 

0.04 

0.01 

0.08 

Oxalic acid . 1 

trace 

o.*7 

0.25 

trace 

Mallic acid 

0.79 

1.02 ] 

‘•83 

2 .98 

Citric acid j 

0 . 5 * 

0.59 j 

0.92 

0.89 

Pectic acid | 

r .24 I 

5.84 ! 

7.4* 

a. 35 
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Estimation of Non-volatile Acids in Tobacco.— (Kissling, Chem. 
ZeiL, 1904, 28, 775) 10 grm. of tobacco powder, 10 grm. powdered 
pumice stone and 10 grm. 20% sulphuric acid are mixed and extracted 
with ether for 20 hours, 'i'he residue obtained by distilling off the 
ether is dissolved in water and oxalic acid estimated in an aliquot part. 

In a similar part the acids arc titrated with barium hydroxide solu- 
tion and barium salts separated by adding alcohol until the solution 
contains 20%. The precipitate, which is almost pure barium citrate, 
is quickly filtered and washed with 20% alcohol. On adding sufficient 
alcohol to the filtrate to bring the alcohol up to 70%, barium malate is 
precipitated. In 6 samples of tobacco the oxalic acid was 1.84 to 
2.77%; malic acid 1.53 to 3.95%; citric acid 3.25 to 7.33%. 

It is impossible to determine the actual commercial value of a to- 
bacco by any chemical standard; the utmost that can be done is to 
point out what substances have, in general, a deleterious effect on the 
quality; but so many considerations of colour, texture, aroma, weight, 
freedom from holes and spots, etc., affect the value, that, commercially, 
tobacco analysis is confined to estimation of moisture, ash and oil for 
revenue purposes, and the estimation of nicotine in material for 
insecticides. 


Manufactured Tobacco in England. 

The excise regulations in England prohibit the use of any materials 
in the manufacture of tobacco but water, oil, acetic acid and volatile 
essential oils for flavouring purposes. Any addition of sugary material, 
liituorice, glycerin, must be made before the tobacco leaves a bonded 
factory, and such tobacco pays extra duty. 

The amount of moisture (which includes water, acetic acid, and 
other volatile matters) must not exceed 32% (in year 1910), and is 
defined as the “loss on drying at 212*^ F. for a period of 18 hours.” 
I he oil is estimated by extraction with petroleum ether and saponifi- 
cation of the extract with potassium hydroxide, the result being cal- 
culated as olive oil. Oil is only allowed to be added to tobacco which 
is to be spun into roll or twist. 

Snuff is manufactured from heavy “snuff leaf” and from refuse- 
tobacco, such as stems, tobacco-smalls, and sweepings. These are 
moistened with water, subjected to a process of fermentation during 
6 or 8 weeks, then ground, mixed with alkaline salts as preserva- 
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lives, and flavoured as desired.^ In the United Kingdom, nothing is 
allowed to be added to snuff but the chlorides, sulphates, and carbon- 
ates of potassium and sodium, and ammonium carbonate; and any 
snuff which contains a greater proportion of these salts than 26' on 
the dry' snuff, including the salts natural to the tobacco, is liable to 
forfeiture and a penalty of £50. As the proportion of alkali salts 
in tobacco-ash varies considerably, it is important that tlic manufacturer 
should know the amount present, in order that he may compound a 
snuff of uniform composition, and not exceed tlie legal limit. Of tlie 
salts allowed to be added to snuff, common salt and potassium and 
ammonium carbonates are those most commonly used. In addition, 
most snuff contains from 25 to 45*^,^ of water, and sometimes a con- 
siderable quantity of sand, the proportion, according to J. ('lark 
(/. Soc. Chem. hid., 1884, 3, 554), averaging s% on the dry snuff; laii 
ranging from 0.5 to over 10' , and in one case exceeding 30' A 
large number of gross and more or less apocryphal adulterants of 
snuff have been recorded. Among these the sulphides of arsenic, 
mercury and antimony, lead chromate, potassium dichromate, sul- 
phates of copper and iron, alum, lamp-black, ivory’-black, cream of 
tartar, red ochre, brick-dust, and various organic matters find a place. 
As snuff is neither a “drug” nor an article of food, it is not liable to ex- 
amination under the Adulteration Acts, and the Excise systematically 
ignore sophistications which do not affect the revenue. Hence, 
authentic information respecting the present adulterations of snuff is 
very limited. 


Insecticides and Germicides. 

The A. O. A. C. method for estimating nicotine in insecticides is 
that of Kissling, and is prescribed as follows in Bulletin 107 (1907): 

(i) Solutions Required. 

(a) Alcoholic Sodium Hydroxide . — Dissolve 6 grm. of sodium 
hydroxide in 40 c.c. of water and 60 c.c. of 90% alcohol. 

{b) Sodium Hydroxide . — Dissolve 4 grm. of sodium hydroxide in 
1. 000 c.c. of water. 

(c) Sulphuric Acid . — A standard solution. 


1 For flavouring purposes up to 3% of Tonquin Deans may be ground In with the smifl. 
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(2) Estimation. 

Weigh from 5 to 6 grm. of tobacco extract or 20 grm. of finely 
powdered tobacco, which has l)een previously dried at 60° so as to 
allow it to be powdered, into a small beaker. Add 10 c.c. of the alco- 
holic sodium hydroxide solution and follow, in the case of the tobacco 
extract, with enough chemically pure powdered calcium carbonate to 
form a moist but not lumpy mass, ^lix the whole thoroughly. 
Transfer this to a Soxlilet extractor and exhaust for about 5 hours 
with ether. Evaporate the ether at a low temperature by holding 
over the steam bath, and take up the residue with 50 c.c. of the dilute 
sodium hydroxide solution. Transfer tins residue by means of water 
to a Kjeldahl tlask, capable of holding about 500 c.c. and distil in a 
current of steam, using a condenser through which water is flowing 
rapidly. Use a three-bend outflow tube, a few pieces of pumice, and 
a small piece of jiaraflin, to prevent bumping and frothing. Continue 
the distillation till all the nicotine has passed over, the distillate usually 
vaiying from 400 to 500 c.c. When the distillation is complete, only 
al)0ut 15 c.c. of the liftuid should remain in the distillation flask. 
Titrate the distillate with standard sulphuric acid, using phcnacetolin 
or cochineal as indicator, i molecule of sulphuric acid is cejuiv- 
alcnt to 2 mols. of nicotine. 

In Kissling’s method rosolic acid or iodeosin can also be used as 
indicator and N / 10 oxalic acid can be substituted for sulphuric acid. 

Tobacco smoke varies in character according to the proportion of 
air admitted during combustion, o.xidation being necessarily more 
perfect in the case of a cigar than when the tobacco is smoked in a pipe. 
In the latter case, a portion of the condensilde products is deposited in 
the liquid state. Tol)acco smoke consists in part of permanent gases, 
the proportions of carbon dioxide and carbon monoxide in which have 
been determined by G. Krause. Vohl found hydrogen sulphide and 
hydrocyanic acid, and from 0.7 to 2.8 grm. of ammonia per 100 of 
tobacco smoked. 

When tobacco is smoked, the greater part of tlie nicotine is con- 
verted into pyridine and other pyrogenous compounds, and the entire 
decomposition of the nicotine is sometimes asserted; but Melsens 
appears to have fully proved the presence of unchanged nicotine in 
tobacco smoke in a proportion equal to about one-seventh of that 
present in the original tobacco. Melsens’ conclusion has been 
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endorsed by R. Kissling (Ding. PolyL Jour., 1SS2, 244, 64), who has 
collected and reviewed the observations of previous investigators. Jie 
considers Vohl’s conclusion as to the non-existence of nicotine in 
tobacco-smoke to be due to that chemist having overlooked tlie fact 
that the alkaloid is decomposed by warm potassium hydroxide, a 
reaction which, if a fact, has certainly not met witli general recognition 

Kissling suggests in his book on tol)acco that the nicotine in smoke is 
present as a salt of an organic acid, but T(>th (Chem. Zeit., 1909, 33, 866) 
says that 93% of the organic bases in tobacco smoke are in the free 
state. T6th also finds thiocyanates present in the smoke of Hun- 
garian cigars to the amount of 0.027% of the tobacco burnt. He also 
finds cyanides present to the extent of 0.094% of the tobacco (Chem. 
Zeit., 1910, 34, 298). 

Lehmann (MiincJiner medizin. Wochenscrift, 1908, 50, 723) finds 
sulphur compounds to the extent of 0.02% of the weight of cigars 
smoked. lie draws attention to the fact that many cigars considered 
very mild contain as much, and sometimes more, nicotine than others 
thought to be very strong; and shows that the amount of nitrogenous 
matter in the leaf seems to bear a close relation to the quantity of 
nicotine present in the smoke. A similar conclusion is reached by A. 
Fouquet (Mem. des Manuf. de VEtat, 1908, 81), who also points out the 
influence of good combustibility in cigar leaf. By reducing iodic acid 
Fouquet finds that 6.5 c.c. carbon monoxide are formed for every' grm. 
of tobacco smoked. 

By passing the vapour of nicotine through a red-hot tube Cahours 
and Etard obtained pyridine, / 9 -propylpyridine, picoline and other 
pyridine bases. The physiological effect of cigar smoke is largely due 
to the collidine, which is formed in quantity when cigars are smoked. 
The toxic action of the pyridine compounds increases as the scries is 
ascended. 
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By FRANCIS II. CARR. 

There are many different species of Aconitinn. Over 50 European/ 
and 24 Indian^ species have been admitted, and a number of these 
have been sho^vn to contain alkaloids. The most important group of 
aconite alkaloids is that of which aconitine, the alkaloid of Aconitum 
NdpcHiis, is tire type. Six closely allied members of this group are 
already known. They possess very similar physiological properties, 
characterised by c.xcitation of nerve endings, slowing of heart beat and 
extreme toxicity. 

All parts of the plant contain the alkaloid, but the root is richest. 
If any part of a poisonous aconite plant be chewed, it will be found to 
have a taste which may be at lirst bitterish sweet, but after a time 
becomes acrid and burning, causing a persistent sense of tingling and 
numlincss of the gums and tongues; this effect lasts for some time and 
is highly characteristic. 

For medicinal use, the British, French, German, United States and 
rnost other pharmacopoeias admit llie tuberous roots of Aconitum 
Napcllus (Monkshood) and in the French, Russian, Spanish, Portu- 
guese and Mexican the fresh leaves of the same species are also 
employed. 

The root of A. Napcllus is tuberous, and of an irregular conical 
form, from 2-3 ^ inches long and § to over i inch in diameter at 
the widest portion. It is somewhat wrinkled longitudinally and is 
more or less covered wdth scars and bases of broken rootlets. 

In commerce it is usually met with dried whole, but occasionally 
sliced. Externally it is brownish, and white or light brown and 
starchy within; the transverse section exhibits a 6 to 8 rayed pith, 

’ /aycr {Vorarbfiitn 1. 1. Monogr. d. Europ. Aconitum Arten, in Ungar. Bot. Blitt., Vol. 
s. I a). 

(‘'T}t4 AconiUs of India,” Ann. Roy. Bot. Card , Calcutta, Vol. to, Part 11). 
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a small group of vessels at each angle, and a well-marketl dark cam- 
bium line. The root is biennial and normally paired, i tul)er of 
each pair when mature bearing a llowering stem, the other beinj^^ 
crowned with a bud. The daughter tubers alone are accepted in tin- 
British Phaniiacopa ia. The parent tubers may be distinguished liy 
the scar of the stem and the spongy' or hollow condition of the root. 
The freshly cut section of the undried root rapidly acquires a reddish 
tint — a character distinguishing it from horse-radish, which it n- 
motcly resemldes and for which it has been fatally mistaken. 

The various natural alkaloids of the aconites are characteristic of 
the species from which they are derived, 'khus aconitine is the i)ci u- 
liar alkaloid of . 1 . XapcIIus, japaconitinc of A. Fisrlicri (of mo^t 
authors) and so on. Besides the eminently poisonous alkaloids of the 
aconitine group, other species contain alkaloids, which appear in some 
cases to l)e poisonous — as the alkaloids of A.Vidpuria and A. Lyror- 
tonum — and in other cases are harmless lu’lter tonics. Thus tlie 
alkaloid of .1. panicidalum (which was the othcial aconite of Au'LonFm 
and Dublin Pharmacopa ias of 1836) is an inert biltiT principle, as are 
also the alkaloids of A.hcterophyllum and A . palnudum. 

Apart from the importance of distinguishing the roots of tlie poi>om 
ous aconites from the non-poisonous roots, tlic researches of Cash and 
Dunstan on the physiological action of the various members of tin; 
aconitine group indicate that it is extremely im}>ortant to distinguidi 
poisonous roots from each other; thus aconitine has been shown to 
possess but two-fifths the activity of pseudaconitine. The amount of 
alkaloid present in the root also varies from one si)ecics to another. ‘ 

4'herc arc at least 12 varieties of aconite indigenous to the 
Cnited States of America; but these, although proljably in many c;mts 
active physiologically, are not employed in medicine. One of them- 
A. has been described as poisonous; but according to 

V. Coblentz the root, although it contains an alkaloid, is entirely 
devoid of the tingling and numbing taste of A. Napellus. 

In the following tables are enumerated the chief members of the 
aconite family which have been submitted to chemical examination 
and the principal alkaloi<ls obtained from them. 4 'hc root has l)c( n, 
in every case, employed as the source of the alkaloid. 

1 The root of Imperaioria Oslntthium or masterwort has been met witti as an adultor.uit 
of aconite. It rcseniljle.s aconite tubers in shape tjut has an aromatic odour and tjuuk' '* 
taste, and exhibits in transverse section numerous oil cells arranged in several cm it ^. 
(Holmes, Phartn. Journ., [Hi], 7» 49h 
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ACONITINE C.ROUP. 


Species Habitat PrincipM alka- 


Aconitum Napclhts. Monkshood.. Eurfipe Aconitine Very poisonous. 


Aconition Sp.; A. Euc/iert of authors. Japan. japaconitinc . . . Very poisonous. 

(Hondo.) 


Aconitnjn thastnanihuiK. Stapf.... India Indac.oniline . . . Very pioisonous. 


Acoiiilitm (frinorrhtsnm. Stapf. India Pseudaconitinc. Wry poisonous. 

A./rrox of some authors. 


Aconitum spuulum. Stapf. India Bikhaconitine . Very poisonous. 

.1, j'enn- of some authors. 


Aconitum Fischori of authors. Jaj'an. Josaconitino. . . . Very poisonous. 

Onshi. .-1. japoniouni. (llokkaido.) 


L Y('A('( INTTTNE G ROIT. 


Species 

Habit;, t 

Principal alkaloid 

Toxicity 

vlcoiii/aMt LxcoctonnnA L 

. . Jbircjiie . . 

. . Lvcaconitine 

Myoctonine, 

. . poisonous. 

Aconitum scptcntnonolc (Koelle) 

.. Eun.pe... 

... Laj)aconitine. 
Soptentrionali.nc. 

Pois<u'.ui;s. 


ATISLNE 

TROUP. 


Species 

Habitat 

Principal alkaloid 

Toxicity 

Aconitum hotcrophyllum 

India 

Atisinc 

Xon-poisonous. 

Acon>tu>n palmatum 

India 

Palmatisinc 

Non-poisonous. 

Aconitum panic ulatum Lam . . . . 

Europe 

(Bitter unnamed al- 
kaloid.) 

Non -poisonous. 

Aconitum Anthora L 

Euroi)e 

(Bitter unnamed al- 
kaloid.) 

Non-poisonous. 

Aconitum uncinatum of au- 
thors. 

JnP<«i ' 

(Bitter unnamed al- 
kaloid) 

Non-poisonous. 


1 P*^vatc communication Dr. O. Stapf Informs the writer that the plant from which 

and myoctoninc were isolated could not have been A. Lycoctonum, but was 
prolaiiiy A. Vulpiiria, Reichb. At the same time the plant known as A. SeptentricnaU 
j\oeiie, from which lapaconitinc and septcntrionaline were prepared, was probably the 
true A. Lycoctonum L. 
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Constitution and Characters of the Aconite Bases. 

Much of the earlier work on the alkaloids of the aconites is of little 
value. This may be attributed in a large measure to insufficient 
botanical knowledge and to failure on the part of the investigators to 
differentiate the roots which they employed; also to the readiness with 
which the bases undergo hydrolysis, rendering it difficult to obtain 
them in a pure condition. 

The researches of the late C. R. Alder Wright did much to eluciflate 
the matter, and those who have followed him in this field may claim 
to have settled in a large degree the composition and properties of the 
principal members of the most important group, namely, the aconitines 
proper. Of greatest importance are the chemical researches of W. R. 
Dunstan and his collaborators, the physiological researches of J, 
Theodore Cash, and the botanical researches of Otto Stapf, but 
many other workers — notably Freund, Schmidt and Schulze— have 
contributed results of importance. 

The following table show's the leading properties of the known 
members of the aconitine group and the principal bases derived from 
them: 



M. p. 

(«)d 

! 

Derived bases 


Aconitine 

Cj 4 H< 70 uN. 

1 

! 

1 

1 in alcolW'!. 

Benzaconine. 

Pyraoonitinc. 

Aconinc. 

Pyraconine. 


Japaconitine. 

ao 4 ° 

4-21.6” in 
hoi. 

alco- 

Japbcnzaconine. 

1 ryrojapaconitinc. 

! Japaconinc. 

In'laconitine 

CmIEiOioN. 

203-30$” 

+ 18.2’’ in 
hoi. 

alco- 

, Indbenzaconine. 
i Pyroindaconitine. 

! Indaconine. 


Paeudaconitinc. 

CjJI.iOi.N. 

211-213” 

4-1 8. 6” in 
hoi. 

alco- 

Veratrylpseudaconinc. 

Pyropscudaconine. 

1 Pseudaconine. 


Bikhaconitine. 

C 3 «HMOnN. 

; I 1.3-116” I 

4-12.2” in 
hoi. 

alco- 

i Veratrylbikhaconinc. 

1 Pyrobikhaconitinc. 

1 Ihkhaconine. 


Jesaconitine. 

C 4 oHsiOkN. 

? , 

? 


Aconine. 

1 

1 



These aconitines possess remarkable similarity as regards both the 
physiological action which they exert and their chemical constitution. 
All of them are extremely toxic and contain 4 methoxyl groups and 2 
acetyl groups, which may be successively removed by hydrolysis. '1 he 
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relationship between them so far as it is known is given in the followiiifr 
table: 


Niiine 

Aconitine. 

Nature 

Acetylbenzoylaconine. 

Formula 

/OAc 

C.iH.70:.N/-(OMe)4 

^\OI3z 

Ja;iaconiline. 

I 

j Acctylbenzoyljapaconinc. 

/OAc 

C.iH „0:.N-(OMe)4 

'M)nz 

Indaconitine, 

Acetylbenzoyl pseudaconine. 

/OAc 

CviH.uO N— (OMe )4 
'''OBz 

Pseudaconitine. 

Acetylvcratrylpscudaoonine. 

/OAc 

CjtH.uO^N— (OMe )4 

^Or0C6n,i(0Me), 

Bikhaconitine. 

Acetylvcratrylbikhaconinc. 

/OAc 

C iH uON— (OMo)< 

\0C0C,H3(0Me). 

jesaconitine. ' 


/OCOCJHiUMe) 
C.iIHrON— (OMe )4 

N:)Bz 

Bcnzoylanisylaconinc. 


^ The 6 aconitines are thus seen to be derived from 4 different 
“aconines”— namely, aconine, pseudaconine, japaconine and bikh- 
aconinc. Aconitine and jesaconitinc are diacyl esters of the same 
base, viz. , aconine. Pseudaconitine and indaconitine are similarly Jfacy/ 
derivatives of pseudaconine. The relation between these aconines 
has not been established, and further investigation may show— what 
indeed their composition and properties lead one to expect— that they 
are quite simply related. Aconitine and japaconitine have been 
shown to yield triacetyl derivatives, they therefore contain 3 hydroxyl 
groups, thus accounting for all the oxygen in the molecule. Aconitine 
has also been shown, by the method of Herzig and Meyer, to contain a 
methyl group attached to the nitrogen. 

Aconitine may be written therefore: 


C,oHnN; 


Vol. VI.— 17 


CH3 

( 0 H )3 

OAc 

OBz 

''(OMe), 
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and the members of the series may be regarded as derivatives of a 
hypothetical base, 

Aconitine. Cj4H4,0,,N, Acetylbenzoylaconine. 

Aconitine is the only crystalline alkaloid of the root of Aconilum 
NapMus L, monkshood (French, Coquduchon; German, Risenhut, 
Sturmhut). It occurs naturally in combination with aconitic acid, 
C.H,0, (Vol. i). 

Aconitine is difficult to obtain in a state of punty owing to its readily 
undergoing hydrolysis in the presence of alkalies or acids. The 
following is the best method of preparing it; success depending largely 
upon the rapidity with which the whole operation is conducted. 

The powdered root is extracted by percolation with a mixture of 
S parts of methyl alcohol with i part of amyl alcohol. The 
extract is concentrated by distillation in vacuo, until the temperature 
of the liquid reaches 6o-6s°. The oily extract is transferred to a 
separating funnel and repeatedly agitated with dilute hydrochloric 
acid which after separation is thoroughly washed with ether to remove 
amyl alcohol and other extractable matter. The acid solution of the 
alkaloids is rendered alkaline with a small excess of ammonia and 
extracted with ether, the ether is then, without concentration, ex- 
tracted with successive small quantities of i% hydrochloric acid 
until the acid is no longer neutraUsed. A slight excess of ammonia is 
next added to the combined extract and a little ether is also added 
from which, after a gentle agitation, the aconitine will crystallise out 
in white hexagonal crystals. A proportion of it will remain in the 
ether; this is most readily separated by crystallising as hydrobromide 
from water. 

The purification of aconitine is best achieved by recrystallisation of 
its salts and finally by crystallising the base itself from methyl or ethyl 
alcohol. The associated alkaloids being amorphous (although they 
yield crystalline salts) are entirely eliminated by a final crystallisation 
of the base. 

The composition of aconitine has been the subject of much contro- 
versy. The formula originally assigned to it by Wright,^ Ca3H43 
0„N, was practically confirmed by Jurgens, ^ who gave it the 
formula C 8 ,H 470 , 3 N, and by Dunstan and Ince,» who adopted the 
mean formula Cj.H^sOnN, but later Freund and Beck^ proposed 

» Traw., 1877, M 3 . „ 

» Inaug. Dtss. Dorpat., 188s. 

• Trans., 189*. 59 * a?** 

1894. 37, 433. 
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the formula and Schulze, These 

two last mentioned formulae differing by only have been practically 
accepted by Dunstan and Henry, ^ for the crystalline aconitine of 
commerce. They suggest as an explanation of the discrepancies that 
the alkaloid which the earlier workers employed was derived from a 
different variety of A. NapelluSy a conclusion which is by no means 
improbable in the present state of our botanical knowledge of the 
species and in view of the close chemical resemblance which exists 
between the various alkaloids of the aconitine group. Another likely 
explanation is that incomplete combustion occurred in the determina- 
tion of carbon and hydrogen. Dunstan and Carr* have pointed 
out that methane is generated during the combustion of aconitine, and 
that when diluted with nitrogen, methane will pass over heated copper 
oxide without being completely burnt. Whatever view may be taken 
of these explanations, the formula C34H470ij]!^ may be regarded as 
representing our present knowledge of the composition of the aconitine 
of commerce. 

A determination of the crystallographic characters of aconitine has 
been made by Tutton.* The crystals belong to the orthorhombic 
system, are prismatic and tabular, and may generally be seen as colour- 
less hexagonal transparent plates. 

Aconitine is almost insoluble in water, light petroleum and carbon 
disulphide, readily soluble in benzene and chloroform and less readily 
in ether, or in methyl and ethyl alcohols. It may be precipitated by 
adding alkali, to solutions of its salts in water as a curdy amorphous 
white precipitate, which becomes crystalline on the addition of a little 
ether. 

When extremely dilute solutions of its salts are placed upon the 
tongue a characteristic tingling and numbing sensation is produced, 
spreading to the lips and pharynx and lasting several hours. This 
completely masks any taste which it may possess. The alkaloid 
should never be employed for this purpose, and great caution is re- 
quired in tasting a solution of a salt. In working with aconitine care 
must be taken to avoid absorption of it through the skin or otherwise. 
A minute particle of the dust, too small to be seen, if accidentally 
blown into the eye sets up the most painful irritation and lachrymation, 
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lasting many hours and accompanied by disturbance of the heart's 
action, while if inhaled a like amount will produce great bronchial 
irritation or profuse sneezing and considerable catarrh.^ 

The m. p. of aconitine has been variously stated by different workers, 
but there is most common agreement for the point 197°. Decomposi- 
tion occurs at this temperature and is accompanied by ebullition and 
escape of acetic acid; this change will take place at 188° if the substance 
is kept at that temperature long enough, hence it will readily ])e seen 
that the m. p. will vary according to the length of time taken in heating 
the bath. The limit of variation recorded by recent workers is 188- 
203°. It is best to heat the bath to 160° before introducing the sub- 
stance. 

Aconitine is dextrorotatory, [o:]p+i2.3° in alcohol and + 15' in 
dry chloroform; on the other hand its salts are kevorotatory. 

Salts of Aconitine. — ^Aconitine has well marked basic properties 
and forms a series of crystalline salts. The salts with mineral acids 
are neutral to the usual indicators but may be titrated with alkali 
hydroxide and phenolphthalein just as if the acid existed in a free 
state. 

Aconitine nilratej B,HN03,5VH20, crystallises well from water: 
it has m. p. 19&-199® A sesquinitrate, B3(HN03)3, has also been 
described as separating in large cr>'stals from strongly acid solutions, 

Aconitine hydrobromidey B,HBr, crystallises from water in lustrous 
rhombic plates with 2JH3O; also from alcohol, or a mixture of 
alcohol and ether, with ^HjO. The m. p. is somewhat indelinik. 
it sinters at 164° but docs not melt entirely below 175-180°. Specific 
rotation in water, [o:]d--30.5® 

Aconitine hydrocliloridey B,HCl, crystallises from water in rhombic 
plates with 3H2O, also from alcohol and ether, m. p. 149-153 ' 
according to the rate of heating; [«]o~35-i^ in water. 

Aconitine hydriodidCy B,HI,3JH20, m. p. 226°, is sparingly 
soluble in water from which it separates on adding a solution of potas- 
sium iodide to a solution of aconitine hydrochloride. 

Aconitine periodide,^ B,HI,l2, is prepared by acting on aconitine 
with iodine in various solvents. It crystallises from alcohol in brown- 
red crystals, m. p. 211-212°, and is an unstable compound from which 


1 Further detaili of its toxicity are given on page 383. 
• Dunstan and Jowett, Proc., 1894, to, 96. 
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iodine is removed by recrystallisation. By the same reaction there is 
also produced iodoaconitine, C34H^«10iiN, a compound devoid of basic 
properties and non-crystalline, melting vaguely near 208°. 

Aconitine thiocyanate is prepared by adding an aqueous solution 
of ammonium thiocyanate to a saturated solution of the hydrochloride; 
the crystalline salt which is precipitated, when crystallised from alcohol 
and ether, melts at ipa-ips"". 

Aconitine aurichloride, BjHAuCl^, is thrown down as a yellow 
amorphous precipitate on adding gold chloride solution to a solution of 
aconitine hydrochloride or another salt to which sodium chloride or 
hydrochloric acid has been added. The precipitate is formed in very 
dilute solutions and is only very sparingly soluble in dilute hydrochloric 
acid. When washed or dried in vacuo the aurichloride may be ob- 
tained in 3 modifications.^ 

Aconitine a-aurichloride, m. p. 135°, is obtained by crystallising 
from acetone, aqueous alcohol or chloroform and ether. 

Aconitine (^-aurichloridef m. p. 152°, is formed by crystallising 
from absolute alcohol. 

Aconitine Y-auricJiloridey m. p. 176®, is prepared by recrystallising 
the ^-modification from a mixture of chloroform and ether. 

Chemical Reactions of Aconitine. 

The following table gives the reactions of aconitine salts with the 
common alkaloidal precipitants in aqueous solution. 

Iodine solution Red-b^o^^^l ppt r ijo.ooo 

Mercury potassium iodide Yellowish- white ppt i iio.ooo 

Gold clJoride Yellow ppt i: 5,000 

Phospho-molybdic acid White ppt i: 5,000 

Phospho-tungstic acid White ppt. i: 5, coo 

Picric acid Yellow ppt i : 4,000 

Potassium permanganate Red crj'siallinc tpt i; 4,000 

Mercuric chloride, platinic chloride, potassium chromate, iodide, 
ferrocyanide and ferricyanidc fail to precipitate aconitine salts unless 
tlie solution be very concentrated. 

The most characteristic of the above mentioned tests is that with 
potassium permanganate * which is best applied by faintly acidifying 
with acetic acid and adding a few drops of N / 5 potassium perman- 
ganate solution; the precipitate as seen under the microscope consists 
of rosettes of red prismatic crystals. Cocaine, hydrastine and papaver- 
ine yield similar precipitates in concentrated solution, but not at 

1 Dunstan and Jpwett, Trans., 1893, 63. 994*. Proc., 189s, u. a?- 

Ounstan and Carr, Pharm. Journ., 1896 [tv], a, xaa. 
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dilutions of i in 500. The presence of other alkaloids, including 
those associated with aconitine in the root and in the amorphous 
aconitine of commerce, considerably modifies its sensitiveness. 

Various colour tests for aconitine have been proposed but they may 
be relied upon only as supplementary tests to aid identification. 

W^en dropped upon nitric acid (1.43) no colour is produced; 
sulphuric acid (1.75) also produces no colour, but on adding a crystal 
of ammonium vanadate an orange colour is formed. If 0.0002 grm. 
of aconitine be gently warmed on a water-bath with 4 drops of 
sulphuric add (1.75) a smell of benzoic acid is observed. If at the 
end of 5 minutes a few crystals of resorcinol be added and the heating 
continued, a reddish-yellow colour changing to intense red is produced. 
Other colour tests which have been proposed^ are of doubtful 
value. 

When heated in a tube at 190® aconitine decomposes with cfTer- 
vescence and acetic acid is volatilised. This test may be made use of 
to assist identification, but by far the most characteristic property of 
the alkaloid is the tingling and numbing sensation produced when a 
very dilute solution is tasted (see page 282). 

WTien hydrolysed with boiling alcoholic sodium hydroxide aconitine 
yields 9.3% of acetic acid and 18.8% of benzoic acid. This change, 
together with the specific rotatory power and m. p. of the various 
salts given in the text, assists in distinguishing between the different 
members of the aconitine group. 

Derivatives of Aconitine. 

Diacetyl aconitine,* C34H45(Ac2)0„N, is obtained when acetyl 
chloride is allowed to react with aconitine in dry chloroform. 

It is a crystalline base melting at 158° and forming stable salts. Us 
physiological action, though weaker than that of aconitine, closely 
resembles it. 

Triacetyl aconitine, ‘ C34H^^(Ac8)0,iN, results when an excess 
of acetyl chloride acts on aconitine. It crystallises in fine needles, 
m. p. 207°, is feebly basic, and forms unstable salts. Like the diacch'^ 
derivatives it possesses the characteristic physiological action of 
aconitine. 

Acetic anhydride does not act on aconitine. 

* Reichard, Pharm. Centralh., 1905, 46, 476. Alvarez, Ghent. News, 1905. 9X» 

XDtuutan and Carr, Trans., 1895, 67. 459. 
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Methyl aconitine has not been purified, but evidence that it is pro- 
duced, when methyl iodide acts upon aconitine, was given by Dunstan 
and Jowett^ who were unable, however, to isolate aconitine methiodide. 
They consider that the action takes place according to the equation: 

2 C 34 H, 70 HN-+-MeI = C3,H,;0,,N,HI+C34H,«{Me)0,,N. 

Hydrolysis of Aconitine. 

Whether the hydrolysis of aconitine be effected by acids, alkalies, or 
by heating the base in a sealed tube with water alone, i molecular 
proportion of acetic and benzoic acids may be ultimately split off and 
the base aconine remains. If, however, a neutral aconitine salt, 
preferably the sulphate or hydrochloride, be heated in 5% aqueous 
solution in a sealed tube to 120-130° for about 3 hours, acetic acid 
only is split off and benzaconine results.^ 

+ H3O = CjjH.jO.oN d- CH3COOH. 

In the second stage of hydrolysis benzaconine undergoes change into 
aconine and benzoic acid, according to the equation: 

C32H430,oN+Il30=C33H,iO,N+CeH,COOH. 

Benzaconine (picraconitine, napelline, benzoyl- aconine), C32H45- 
OjjN, is an amorphous alkaloid which occurs in the roots of A. 
Napellus. It is slightly soluble in water, giving a bitter tasting solution, 
which does not, however, produce the tingling sensation so character- 
istic of aconitine. The removal of the acetyl group renders it no 
longer poisonous in the ordinary acceptation of the term and its action 
on the heart is to some extent antagonistic to that of aconitine. Benz- 
aconine is readily soluble in alcohol, chloroform and ether, [a]^ in 
alcohol +5.6°. It forms well crystallised salts. 

Benzaconine hydrochloride, B,HC1,H20, crystallises in two forms: 
(i) in small crystals, m. p. 217°, (2) in long needle-shaped prisms, 
m. p. 268°. [a]j, in water — 28.7°. 

Benzaconine hydrobromide, B,HBr, crystallises in long needles, 
tn. p. 282°. 

Benzaconine hydriodide, B,HI, forming granular crystals, spar- 
*^gly soluble in water, may be prepared by adding potassium 

'DunsUn and Jowett. Proc., 1894. lo. 96. . ^ „ 

AJunstan and Carr, Trans., 1894, 65, 290, and Freund and Beck, Btr., 1894. a7» 433* 
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iodide solution to a solution of benzaconine hydrochloride. It crys- 
tallises in 2 forms, m. p. 204° and 246°. 

Benzaconine aurichloridey BjHAuCli, may be precipitated from 
water by adding a solution of gold chloride to an aqueous solution of 
benzaconine hydrochloride and it may be crystallised from alcohol. 
It has m. p. 135°. It readily parts with 2 molecular proportions of 
hydrogen chloride, forming an aurichlor-derivative; the best method 
for inducing this change is to dissolve the dry aurichloride in absolute 
alcohol and add light petroleum when 

Aurichlorbenzaconine,^ CsiH.^OioNAuCl^, slowly separates in 
colourless crystals, m. p. 204°. 

Benzaconine forms diacetyl y triacetyl and tetr acetyl derivatives.* 
Triacetylbenzaconine and tetracetylbenzaconine are not identical with 
the respective isomers, diacetylaconitine and triacetylaconitine and 
are unlike them in being comparatively non-toxic. 

Aconine results from the second stage of the hydrolysis of aconitine, 
and is best prepared by heating aconitine with steam in an autoclave 
at a pressure of 6 or 7 atmospheres and extracting the resulting 
liquid after the addition of alkali, with chloroform. 

Aconine, is a colourless amorphous resin-like, hygro- 

scopic alkaloid. It probably occurs in aconite root associated with 
other amorphous alkaloids. It is soluble in water, chloroform, alcohol 
and acetone, only very sparingly soluble in ether and petroleum, has 
m. p. 132° and [«]„ in water +23°. 

Aconine is not poisonous but is a cardiac tonic and acts anttigon- 
istically to aconitine to a greater extent even than benzaconine. 

Aconine hydrocJiloridey B,HC1,2H20, crystallises in colourless 
lamellar plates, m. p. 175-1 76®, extremely soluble in water, [a]^- 7 
in water. 

Acofiine hydrobromidey B,HBr,iiIl20, colourless crystals, m. p. 
225° 

Dibenzoylaconlne and tctracetylaconine,=» m. p. 196°, have been 
prepared. Unlike aconine, they are both crystalline, insoluble in water 
and soluble in ether. 

When aconine is oxidised with alkaline permanganate, acetaldehyde 


* Dunstan and Harrison, Trans., 1893, 63, 443* 
•Dunstan and Carr, Trans., 1895, 67, 459- 

* DuxMtan and Carr, Proc., 1895, 11, 178. 
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is produced and also a new base which forms a crystalline hydrochloride, 
C24H3708N,HC1,3H30,‘ m. p. 213°, is produced. 

When aconitine is heated with methyl or ethyl alcohol in a sealed 
tube to 1 20-130° the negative acetyl group is replaced by the positive 
methyl or ethyl group. Since it is the acetyl group which determines 
the intense physiological activity of aconitine, it is of great interest that 
when a methyl group occupies the same position, the toxicity is reduced 
lo parent base. Methyl-benzaconine is, however, 

more toxic than benzaconine in which hydrogen occupies the position 
of the acetyl group. It exerts a curare-like action upon motor nerves. 

Methyl-benzaconine, 2 crystallises in colourless 

rectangular plates, m. p. 210-211°, and forms crystalline salts. 

Ethyl-benzaconine,® Cg.H.^OjoN, crystallises in colourless glisten- 
ing crystals, m. p 188°. 

When heated at 190° aconitine melts, giving off i mol. of acetic 
acid, and a new residual base, pyr aconitine,* is formed. 


Pyraconitlne, CgjH^jOjN, is sparingly soluble in water, readily 
soluble in ether, chloroform and alcohol and crystallises from ether in 
white slender needles, m. p. 167-168°; it is optically inactive though 
its salts are lavorotatory, it has a bitter taste and though devoid of the 
characteristic physiological action of aconitine it slows the heart and is 
considerably more toxic than benzaconine. 

Pyraconitlne hydrobromide crystallises in two forms, m. p. 204° 
and 280°. [a]jj in water - 46.8°. 

Pyr aconitine hydrochloride forms acicular prisms, m. p. 249°. 

Pyraconitine and its salts readily undergo hydrolysis when heated 
with water, yielding benzoic acid and pyraconine. 

Pyraconine, CjsHj^ObN, is amorphous, readily soluble in water 
and also in ether, [a]j, in water *-91° It forms crystalline salts. 

Pyraconme hydrochloride, B.HCljHjO, crystallises in colourless 
cubes with i mol. HjO, whicli is lost at 100°, m. p. i54°,[a]Din 
water- 102° 

Pyraconitine forms a crystalline /rface/yZ-derivative which is not 
toxic; m. p. 204°. 
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Amorphous Alkaloids of A. Napellus. 

In addition to aconitine, benzaconine and aconine, indications of 
the presence of other uncrystallisable alkaloids in A . Napellus have been 
met with by several observers; but since these alkaloids are slated to 
be non-toxic, and have not been isolated or purified, no great import- 
ance can be attached to them. 

Japaconitlne^ 03^14901 ,N, acetylbenzoyljapaconine, is the char- 
acteristic toxic alkaloid of the roots of a species of Aconitum from 
Hondo, usually but erroneously referred to as /I . Fischeri,^ a Kamtchatka 
species. It is indigenous in Japan, where its tubers are known as 
“Kusa-uzu” or “Bushi.” These names are applied to two species 
but it is that grown in Hondo which affords this alkaloid. It may 
best be prepared by the method given (page 258) for aconitine, and 
purified in the same manner. 

Wright regarded japaconitine as chemically different from aconitine, 
but later Lubbe, and Freund and Beck^ pronounced them to be 
identical. More recently, however, the composition and properties of 
japaconitine have been fully investigated by Dunstan and Read,^ who 
show that although aconitine and japaconitine are remarkably alike 
in their characters yet they are distinct and separate chemical indi- 
viduals. This conclusion has since been confirmed by Makoshi.* 
Dunstan and Read assigned to it the formula C,4H490jiN. Makoshi, 
however, gives preference to C34H470i,N, but the accuracy of the 
method of analysis is hardly such as to permit of a decision between 
these two formulae. 

The crystallographic characters of japaconitine have been described 
by Pope,® who states that no points of similarity with aconitine or 
pseudaconitine are traceable. The crystals are very small, trans- 
parent, colourless needles, their sides being made up of two parallel 
prism faces. 

Japaconitine resembles aconitine in its solubility in various solvents, 
the pure base melts at 204-205° with effervescence and evolution of 
acetic acid. In nearly all respects it shows a remarkable similarity 
to aconitine, yet it is chemically a distinct individual. Japaconitine 

* It wa$ formerly supposed that the plant which yields japaconitine was A. h’isfheri 
Reichb, but Prof. Miyabe, a Japanese authority, finds that it is not the true Rdchen- 
bachian species, but a distinct variety which he names A . Fischtri. , var. 

* Ber., 1894, 27, 723. 

* Trans., tgoo, 77. 45- 

* Arch. Pharm., 1909, *47, 870. 

* Trans., 1900, 77, 49. 
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undergoes a similar change on hydrolysis in two stages with the forma- 
tion of acetic and benzoic acids, it possesses 4 methyl groups, and 
3 hydroxyl groups — since it forms a iriacetyl derivative. When 
heated at its melting-point it is split up into pyrojapaconine and acetic 
acid. It differs from aconitine in yielding a crystalline methiodide 
and methyl derivative, in the m. p. of the hydriodide, and the 
specific rotation of both the base and its salts. 

The physiological action of japaconitine differs from that of aconi- 
tine in degree only and not in kind, being slightly more toxic than the 
latter alkaloid. 

The following table gives the properties of the principal salts and 
derivatives of japaconitine: 


Substance ; 

Formula j M. p. 

1 j 

j Remarks 

Japaconitine 

i 

Ca 4 H 490 uN. 

304® 

1 +20.3° in 
chlotofomi; 
+ 23.6® in 
alcohol. 

Prismatic 

needles. 

1 

'hydrobromide ; C34H4»0nN,HBr,4H:O. 173- 

! * 73 ® 

Rosettes of 

1 hexagonal 

1 plates. 

-hydrochloride Cj4H490iiN.HC1,3Hj 0. t49“ 

i ; .SO” 

— 33.8° in Rosettes of 
water. | hexagonal 

1 plates. 

-hydriodide Cj4H4»OuN.HL 308- * i Small rosettes 

, »io® 1 1 

-nitrate Cj 4 H 4 »OiiN.HNOi. 173- ' 

Minute ros- 
i ettes. 

-aurichloride 

Ci4H490uN,HAuCl4. 1 a 153® 

1 ^351° 

! 

1 


Yellow prisms. 
Opaque can- 
ary-yellow 
needles. 

Triacetyljapaconi- 

tine. 

Cj 4 H 4 tAciOiiN. j 

189® j 


1 Colourless 
rosettes. 

Japbenzaconine 

C 9 ,U 470 ioN. 

183- ! -f- 40. 2“ in 

183® ' ethyl alco- 

i hoi. 

Rectangular 

plates. 

•hydrobromide ' 

Cj 5 H 470 ioN.HBr. | 

i 

*05- 

317 ® ; j 

Small prisms. 

■hydrochloride. . . i 

Ci3n47O10N.HCl.H-O. 

»53® —*9 7® in 1 Rosettes of 

water. j needles. 

Aurichlorjapbenz- 

aconinc. 

Cj3H4.0ioN.AuCIt. 

178® 


Colourless lus- 
trous octahe- 
dra. 

Japaconine. . . 

'1 

1 

Ci 9 H 4 | 09 N. 

97- ' -^10.9° in 

100® ’ water. 

Amorphous 

hygroscopic 

varnish. 
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Substance 

Formula 

M. P. 


Remarks 

•hydrobromide. . . . 


331 ’ 


Tri.'tnKular 

plates. 

Tetracctyljapaco- 

nine. 

C! 5 Ha»Ac 40 »N. 

i 

231- 

1 .3^° 

i : 


Compact col- 
j ourless crys- 
tals. 

Pyrojapacqpitine . . . 

. CijH 4 iO.N. 

i i6s- 
{ 168° 

-65.9 in j 
ethyl alco- 
hol. 1 

Colourless 

needles. 

Pyrojapaconine 

. CjiH 4 iO*N. 

j 1 28° 

- 74“ in 

water. 

Amorphous 

hygroscopic 

varnish. 

For the description of other salts and further details of the properties 
of those mentioned, the reader is referred to the original communica- 
tions of Dunstan and Read, and Makoshi {loc. cil.). 


acetylbenzoylpseudaconine, is the 
characteristic alkaloid of Aconitum chasmanihum, Stapf, which species 
is indigenous in India and is known to the natives as “Mohri. ’ I he 
plant was formerly considered to be identical with the European A. 
Napellus, to which it is allied. 

Indaconitine has been investigated by Dunstan and Andrews. 
The method of preparation is similar in all respects to that given for 
aconitine, which alkaloid, like japaconitine, it closely resembles in 
general properties. It melts with decomposition at 202-203', is 
soluble in alcohol, chloroform, acetone and ether and insoluble in 
water and benzin. By rapid crystallisation from ether the base is 
deposited in rosettes of needles, but if crystallised slowly it is obtained 
in transparent hexagonal prisms or large irregular masses, jhis 
property distinguishes it from aconitine, with which, however, it is 
apparently isomorphous. 

It resembles aconitine and japaconitine in undergoing hydrolysis m 
2 stages. In the first, it forms acetic acid and indbenzaconine and 
in the second, benzoic acid and pseudaconine, the latter being the 
ultimate hydrolytic product of pseudaconitine. 

When heated at its m. p. acetic acid splits off and pyroind aconi- 
tine is formed. Like the other members of this group of alkaloids it 
contains 4 methoxyl groups. 


* Trans., 1905, 87, 1620. 
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The physiological action* of indaconitine closely resembles that of 
aconitine and differs from it very slightly in degree. It produces the 
tingling sensation on the tongue which is diaractcristic of the entire 
group. 

Indaconitine may be distinguished from aconitine by the rotatory 
power of its salts, whicli is much lower than that of aconitine salts. 

The properties of indaconitifle and its principal salts and derivatives 
are given in the following table: 


Substance 

j Formulae 


i M. p. 

1 

fal. 

1 Remarks 

Indaconitine 



1 202- 

1 

1 4-18.2'’ in 

Rosettes of 


.. j CuHnOioN. 


»0J“ 

1 ethyl alto- 
! hoi. 

needles and 
hexagonal 

1 prisms. 


-hydrobromide 

Ca 4 H 470 ioN.HBr. ai8?- 

, 1H7'’ 

1 p2n- 
218® 

! in 

1 water. 

Large hexago- 
i nal prisms 

1 from water. 

-hydrochloride 

CjULjOioN.HCIjHjO. 166- 

i » 7 i'’ 

— IS. 8® in 
water. 

Glistening 
i scales or ros- 
ettes of nce- 
1 dies from al- 
cohol and 

ether. Hy- 
groscopic. 

-nitrate 

CjiHitOioN.HNOj. 302 - 

203° 

1 • 


Small masses 
of prismatic 
crystals. 


-aurichloride 

CnHirOioN.HAuCU. i i 47 “ ; 

: ‘ 53 ° 1 

Rosettes of 

needles from 
j chloroform 

1 and ether. 

Indbenzaconine 

i 

CuHikOsN. 130- j 

i 

-t-33,6® in Amorphous, 
ethyl alco- 1 
hoi. ! 

-hydrobromide Ci;H4i.O«N.HDr.2HjO. 247® 

i ^ 


; Large irregu- 
1 lar rosettes 
efflorescent. 

-hydrochloride ! CnHuOjN.HCl. 343- j 

1 344° I 

— 8.0® in 

water. 

Crystalline. 

1 

Aurichlorindbeni- I 

aconine. 1 

C«H 4409 N,AuC 1 :. 334- 1 

33 s 1 

Minute colour- 
less crystals. 

Indaconine.. j 

! 

C»HnO»N. 1 

94-95° 

4-38.2® in 

1 water. 

j 

Crystallises 
with I mol. of 
alcohol. 

^yroindaconitine 

CijHuOiN. 


j 4-91.9® in 

1 ethyl alcohol 

Amorphous. 

-hydrobromide 1 

CijH« 0 »N.HBr. 

194- 

198® 

4 - 54 ■ 7 ° in 
water. 

Crystalline. 


Cash and DunsUn, Proc. Roy. Soc., 1905, 76, 468. 
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Pseudaconitine, acetyl-vcratrylpseudaconinc, is the 

chief alkaloidal constituent of Aconitum deinorrhizum Stapf, indigenous 
in Bashahr and of A. Balfourii Stapf, a native of Garhwal, Kumaon 
and Nepal. Both were formerly included under A.Jerox — a species 
only found once by Wallich in Northern Central Nepal and both yield 
“bikh” or “bish” poisons.^ 

Pseudaconitine is best prepared in the manner described for aconi- 
tine (page 258), and may be recrystallised from a mixture of chloro- 
form, ether and petroleum. 

Its crystallographic characters have been described by W. J. Pope;- 
the crystals are colourless and transparent rhomboidal in shape, and 
belong to the monosymmctric system. 

Pseudaconitine resembles aconitine in its solubility in various sol- 
vents, but is rather less soluble in ether; it melts with decomposition at 
2 1 1-2 1 2°, giving off acetic acid. It undergoes hydrolysis in two stages 
with the formation of acetic acid and vcratrylpseudaconinc in the first 
and veratic acid and pseudaconinc in the second. When heated at its 
m. p. acetic acid is split off and pyropseudaconitine is produced. It 
possesses 6 methoxyl groups, two of which form part of the veralryl 
residue. 

The physiological action of pseudaconitine resembles that of the 
other members of the group, but is more intense than any of them; it 
becomes therefore important to distinguish it from aconitine. I'liis 
may best be done by the m, p. of its aurichloridc and by the fact that 
it yields veratric acid, m. p. 178®, when hydrolysed with alcoholic 
potassium hydroxide. 

The following table gives the properties of the principal salts and 
derivatives of pseudaconitine: 


Sul:jstance 

PormulsB 

M. p. 

[ ^ Remarks 

Pseudaconitine 

CMH41O12N. 

31 I- 
aia® 

f 18 . 6° in 1 Rhomln'iiial 
ethyl alco- I crystals, 
hoi. __ 

-hydrobromide 

Cj6H4.O11N.HBr.aH7O. 

191“ 

-19.5** in j Roscitos <'t 

; water. I cubical crys- 

tals. 

-hydrochloride 

Ci»H 4 ,Oi,N,HC 1 . 


i Not crystal- 



j Used. 


> See "The Aconites of India," Otto Stapf, Ann. Roy. Bot. Card., Calcutta. 1905. 

)art a ; also " The Constituents of Some Inma Aconites," Dunstan, Agriculiural Ltdger, i897i 
'Jo. 19, , 171 - 

* Dunstan and" Carr, Trans., 1897. 7 i» jso. 
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Substance 

-hydriodidc 

Formulae j 

i M. p. j 


j Remarks 

C 3 eH 4 ,OijN.HI. 

1 

21 s- 1 Crystallises in 

217“ ! prisms. 

-nitrate 

C 3 .H 4 ,Oi 2 N.HNO».H;U. 

192° 1 Thin prisms. 

-aurichloridc 

C 36 H 4 ,Ol 2 N.HAua 4 . 

236° i Crystalline. 

Veratrylpseudaco- 

nine. 

C 34 H 470 iiN.HiO. 

199° 1 “38,3“ in 1 Crystalline. 

I ethyl alco- j 
i hoi. i 

-hydrobromide 

C34H47OaN.Hi3r.3H2O. 

# 

, ic crystals. 

-hydriodide 

C 34 H 470 nN.HI. 

205- Prisms. 

207“ ; 

-nitrate 

C 34 H 470 aN.HN 0 s. 

[ 222- Rosettes of 

232“ j . rhombic 

1 j prisms. 

Pseudaconine 

C. 3 H 3 » 03 N. 

94-95“ 

(from al- 
cohol). 

i 30- J° in j 
' water. 

Crystallis es 
combined 
with alcohol 
or actone. Its 
salts are not 
crystalline. 

Pyropseudaconitine . 

C 34 H 4 iOloN. 

86-87° 

i(from ace-: 
! tone). 


Amorphous. 


For further particulars of the properties of the salts and derivatives 
of pscudaconitine the reader is referred to the papers of Dunstan and 
Carr,* and Freund and Niederhofheim.^ 


Bikhaconitine, acetyl-veratr>’l-bikhaconine, has 

been fully investigated by Dunstan and Andrews;’ it is the highly 
toxic crystalline alkaloid of Aconitum spicatum Stapf and A. laciniatum 
Stapf, both natives of Sikkim and probably extending into Sikkim and 
Bhutan. These plants were formerly like A . dionorrhizuni Stapf, and 
A. Baljourii Stapf included in AJerox, and in common with them are 
known commercially as “ bikh ” or “ bish.” The alkaloid is extracted by 
the method employed for the other members of the group but it does not 
crystallise so reaclily, the best method of causing it to do so being the 
gradual addition of water to an alcoholic solution. The manner in 
which it crystallises, c.specially from ether, serves to distinguish it from 
the other aconitines; from this solvent it separates as white button- 
shaped masses composed of concentric rings of the substance. When 
crystallised from ether it melts without decomposition at ii8-i23°* 
Its solubility in various solvents corresponds with that of the other 
members of this group. 

1 • 7 *. 350 . 




ACONITE ALKALOIDS. 


272 

Bikhaconitine undergoes hydrolysis in 2 stages, forming acetic acid 
and veralryl-bikhaconine in tiie first and veratric acid and biklun oninc 
in the second. When heated to 180^" it undergoes decomposition, 
forming acetic acid and pyrobikhaconitine. It contains 6 )>!fiiwx\i 
groups, two of which are contained in the vcrdtfyl residue. 

The physiological action of bikhaconitine differs in degree and not 
in kind from that of the other aconitines, this member of the ctrou[) 
being intermediate in toxicity between japaconitine and pseudatoni- 
tine. It may be readily distinguished from the other aconitine,'' by 
the m. p. and cry.stalline character of the base.* The chief properties 
of the principal salts of bikhaconitine and of its derivatives are -iven 
in the following table: 


Substance 

Formuhe 

M. p. 


Rein.ifks 

Bikhaconitine 

CsJhiOuNMLO. 

I n- ' 

1 

+ 12.2'^ in Crystalluic 
ethyl alco- button 
hol. ed glomt r.e.i ■; 

-hydrobromide 

C:«Hii 0 uN.HDr. 5 H-' 0 . 

17,1- ' 

«7 5 '" 

"12.4® in 

water. 

Crystalliiir 

-hydrochloride .... 

CuHsiOiiN.tICl.sHiO. 

IS 9 - 

161'^ 

— 8 . 8 '’ in 

water. 

Cryslallirit;. 

-hydriodide 

CisHsiOnN.Hl.ailLO. 

10 3 “ 
104'’ 


Crystalline. 

nitnt- 


I 7 «- 


White nre'!.'"; 


1 80^ 


- 

-aurichloride 

Ci 6 HmOuN.HAu.C 1 «. 

23 a- 


Canary yell -w 

needle.;. 

Vcratrylbikhaconine. 

Cj«H 4 . 0 ioN. 


4 - 29.0'’ in 

Uncryslal- 


ethyl alco- 
hol. 

Used. 

-hydriodide , 

CiiHisOioN.HI. j 

189- 1 

I go** ' 


Rosclte.'i ef 
needles. 

-nitrate 

I 

Ci 4 H 4 »OnN.HNOi. 

17 ')- ' 


Rosettes of 

178'' 

. 

aciculiir pris- 
matic hexa- 
gons. __ 

Bikhaconine 

1 

1 

CisIDjOtN. 


+ 3 3.8'* in ; 
ethyl alco- i 
hoi. 

! 

Uncryst;;!- 
lised, 
in ether. 

-hydrobromide CjsHnOrN.HBr. 

1 las- 
1 1 30'* 


Tetragonal 

i 

prisms. 

-ttitratc 

C*iH4i07N.HN0i,aHi0. 

125- 
1 28® 

4-15.4“ in 

water. 

Tetragonal 

prisms. 

Pyrobikhaconitine . . . 




Neither the 




base. IV 'r 'ty 
salts cr\''lt‘‘- 

lise. 
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For fuller description of the salts and derivatives of Bikhaconitine 
the reader is referred to the paper by Dunstan and Andrews. ^ 

Jesaconitine, C40H51O12N, anisylbenzoylaconine, is an amor- 
phous alkaloid contained in the roots of an aconite from Hokkaido 
(Yeso) which is identical with A. japonicum, Thunb., but usually 
mistaken for A . Fisdieri, Reichb. It has also been confused with an 
aconite from Hondo yielding japaconitine as the tubers of both species 
are known as “Kusa-uzu” and “Bushi” (see under Japaconitine). 

Jesaconitine has been investigated by Makoshi,^ who was unable to 
crystallise it or its salts. It possesses the typical physiological action 
of aconitine and is the only member of the series which does not contain 
an acetyl group. 

On hydrolysis it yields anisic and benzoic acids and the base aconine, 
identical with that obtained from aconitine of A. Napellus. The pres- 
ence of the anisyl radicle distinguishes it from all the other aconite 
alkaloids which have been investigated. 

Although it does not yield crystalline salts, jesaconitine yielded a 
crystalline triacetyl derivative when treated with acetyl chloride. Tri- 
acetyljesaconitine, C4oH480i2NAc3,2H20, crystallises in small 
needles, m. p. 213°; it is readily soluble in alcohol and less readily in 
ether. 


LYCACONITINE AND MYOCTONINE. 


The root of Aconituni Vulparia {A. Lycoctonum of author a 
species of aconite growing in the Alps and bearing yellow flowers, 
has been found to contain 2 alkaloids which differ from the bases iso- 
lated from other aconites. So far, the products of hydrolysis of these 
bases have not been fully studied, and some obscurity rests on other 
of their characters. 

For the extraction of the bases of A. Vdparia, Dragendorff and 
Spohn* exhausted the roots with alcohol acidified with tartaric acid. 
The extract was concentrated, mixed with water, filtered, and repeat- 
edly agitated with ether while still acid. The aqueous liquor was then 
treated with sodium hydrogen carbonate and extracted with ether, 
^hich removed lycaconitine (1.13%). Subsequent agitation with 


87, 1636. 

JC 190 Q. 147. a<x. 

i tj ^ footnote to ^ge 271. 

I harm . ZtitscKf^r Russland, 1884. a3» 3*3- 
VoL. VI.— 18 
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chloroform removed the remainder of the lycaconitine, together with 
myoctonine (0.8^ f). The successive treatment with ether and chloro- 
form removed all but traces of alkaloid from the solution. iNoithcr 
base could be obtained crystalline. 

Lycaconitine, C27ll340eN2,2H20, was obtained, after further puri- 
fication by ether of the base extracted as above, in the form of a 
pale yellow resinous substance. 

After drying in vacuo y the base begins to melt at 112°, and ai 115’ 
is completely fused with decomposition. It is sparingly soluble in 
water; very readily in absolute alcohol, chloroform, carbon disulphidt* 
and benzene; less readily in ether; and practically insoluble in petro 
leum spirit. A 10% solution of the base in alcohol has 5 . 

An aqueous solution of the nitrate shows [oJ„+ i9-4° 

None of the salts of lycaconitine has been crystallised. The JiilrnU 
can be obtained and purified by dissolving the liase in ether and cau- 
tiously adding nitric acid mixed with etJier. The nitrate is precipi- 
tated, the first fraction carrying down any colouring matter contaiiud 
in the solution. 

With strong sulphuric acid, lycaconitine gives a rcddish-])ro\vn 
colouration, and with syrupy phosphoric acid a violet colouration on 
warming. WTien treated with a mixture of 8 c.c. of water, 6 c.c. oi 
strong sulphuric acid and 0.3 grm. of sodium selenate, lycaconitini- i'' 
coloured a rose or pale reddish- violet— a reaction which is not e.xhil »itcii 
by the bases from other species of aconite. 

Lycaconitine is incompletely precipitated by potassium hydroxide, 
alkali carbonates and ammonia. Alkali hydro.\ides slowly decompose 
it, however. Thus, when warmed for a few minutes to a tem{)craiure 
of 35° with a 4% solution of sodium hydroxide it dissolves, and cry^lal- 
line lyaconine separates fro/n the liquid and may be extracted by cthu. 
By agitation with chloroform a second ba.se can be extracted, 
the salts of lycoctonic acid and of another acid, probably a dihydroxy- 
benzoic acid, remain in the solution. 

Lyaconine, C27H4fl07N2,iiH20, is apparently identical widi 
the base described by Hubschmann under the name of lycoctonitu- 

* A specimen of lycoctoninc from A. Lycocionum (A. Vul par ja), presented 
mann to Fliicki«cr. is descrilx.-d by the latter chemist (Yeur book I harm , 1H70. > 
being crystallised in perfectly white and distinct prisms and needles rndting at , 
without dccomi)Osition. The base was wduble in alcohol, ether, chloroform, am\i 
petroleum spirit and carbon disulphide. Tb*’ 

The aqueous srdution of the base had an alkaline reaction and intensely bitter la;, 
physiological effects of lycfxtonine were found to differ from those the tlwn 

bases both in degree and kind. As a poison, lyccxtonine was found niuch less energy ^ 
aconitine. Mercuric chloride, platinic chloride, phosphomolybdic acid and potassiun 
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It melts at 90-92°, has an alkaline reaction, and an optical activity of 
[a]p +46.4°. It is very soluble in alcohol and chloroform, less readily 
in ether and benzene, and dissolves in about 250 parts of water. Its 
solution has an alkaline reaction, exhibits a fine blue fluorescence, is 
coloured purple by chlorine water, and is precipitated by the ordinary 
reagents for alkaloids. 

The aiirichloride, plalinichloridc and nitrate of the base have been 
prepared. 

Acolyctine, a base described by Iliibschmann, is probably identical 
with the second base extracted by Dragendorff and Spohn from the 
product of the action of alkali hydroxide on lycaconitine. It is prob- 
al)ly a product of the further action of the alkali on lyaconinc (lycoc- 
tonine). It is described as a white powder, soluble in water, alcohol 
and chloroform, but insoluble in ether. It forms white precipitates 
with tannic acid and lead acetate, and a yellow one with gold chloride. 
Its sul])hate forms a while precipitate with ammonium molybdate. 
Acolyctine produces physiological effects similar to those of myoctonine, 
hut less powerful. 

Lycoctonic acid, C27H18O7N2* produced by the action of alkalies 
on lycaconitine (or by heating the base with water or dilute acid in a 
sealed tube), is crystallisable and melts at 146-148°. It is sparingly 
solulde in water, moderately in ether, and readily in alcohol and 
chloroform. 

Myoctonine, according to Dragendorff and Spohn, has the formula 
^ 27 ll 3 o^ 8 ^^ 2 j 5 ll 2 ^^) while Kinberg regards it as 
the water l)eing lost on dr)’ing in a current of air at 60°. It is amor- 
phous, has a bitter but not pungent or tingling taste, melts at 143-144°, 
and is de.xtrorotator)': [«]„ of the alkaloid in io^'7 solution in alcohol == 
+ 29.5°; of the nitrate in aqueous solution, +21.2°. It is difficultly 
soluble in water, but very soluble in ethyl and amyl alcohols, ethyl 
acetate, chloroform, benzene, and carbon disulphide. Ether and 
petroleum spirit dissolve only traces of it. The salts refuse to crystal- 

produced no precipitate in solutions of lycoctoninc salts; but the base was thrown down by 
Urnmn, iodised potassium iodide and bromine water (which last gave a precipitate of micro- 
needles). Potassium mercuro-iodide threw down a precipitate which crystallised on 
laiuling. In solution of i in 8.000 no immediate effect was urcMiuccd, but in about 15 
nuuitcs beautiful crystals made their appearance; and in a dilution of i in ao.ooo, they 
ere formed in 24 hours. The precipitate was readily soluble in alcohol, and crystallised 
u solution. 

Ivc « ’ and phosphoric acids produced no colour reactions. The nitrate of 

) octonine crystallised in tables, the sulphate in prisms. Solutions of the salts were not 
Bof I b|r alkali hydroxides or carbonates, though the base itself was not notably 
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lisc. Myoctoninc is precipitated by most of tlie general reaenits 
alkaloids in solutions not too dilute, and may be titrated bv Mawr'i 
solution (i c.c. = 0.0170 (if alkaloid). 

An aqueous solution of myoctoninc hydrochloride gives with i \n 
of bromine-water an amorphous, very sparingly soluble precijMtai,, 
said to contain a dibromo-compound, 

If a fragment of myoctoninc be moistened with fuming nitric aej,] 
and dried, the residue acquires a reddish-brown colour on adding; a 
drop of alcoholic potassium hydroxide (compare atropine.) 

On heating to loo'^ with a 4% solution of sodium hydro .xide nuor 
tonine is stated by DragcndorlT and Spohn to behave similarh 
lycaconitine, yielding lycoctonic acid, lyaconine, a base resenitilin;' 
acolyctine, and a fourth product of indefinite nature. The beh;i\ioiir 
of myoctoninc with alkali hydro.vide has also been studied hv f, 
Einberg {Inaugunil Disscrlatiim, Dorpat, 18S7). When myoctoiiii;-- 
was heated on the water-bath with .sodium liydro.xide soluiioii 
a sparingly soluble basic decomposition product separated in cryst.ih, 
which, when filtered olT and purified, amounted to 2.;% of the mvoi to 
nine taken. ^ The filtrate was brownish, and had a peculiar punitc;: 
smell. When acidified and shaken with ether, a substance cxhiliiiiiK' 
a blue fluorescence was extracted; and on evaporation 30..t5' r of 1 
brownish semi-crystalline residue was obtained, of which Jatilitr.' 
recognised benzoic acid as the main constituent. The acid liquid, win ii 
rendered alkaline with sodium carbonate, yielded 11.8.;'",') to ether an i 
an additional 8.89% to chloroform, both solvents leaving amorjihoLi- 
yellowish-brown residues on evaporation. 

According to Salmonowitz, myoctoninc is a powerful poison rex nile 
ling curare in its action, and acting most energetically when introdiuv i 
directly into the circulation. The subcutaneous injection of 00;; 
grm. of the nitrate produced distinct to.xic symptoms in cats, and tlu' 
injection of 0.100 grm. always caused death in about half an hear. 
Mice were killed in 3 minutes by a dose of 0.001 grm. 


‘To this base, after drying at 80”, Einberg ascribed the formula U' cri'- 

sidcred it identical with Hubschmann's lyaxtonine. It melted at 94°, and h.vd a P'' ''d 
rotation in absolute alcohol of [«),, 4 - ^8.9. It tjccaine amorphous when melted, re;i ^ 
the crystalline form on contact with steam. It dissolved in about aso parts of " 'f 
of absolute alcohol 14 of chloroform, ss of rth^r. .and of 1 ) 007 . 006 , which charactn 
with those ascribed by Hubschm.mn to lycoctonine. Tne base formed a crystalline i g ‘y; 
very hygroscopic and e.asily soluble in w.ater. Strong sulphuric acid coloured tln' 
bright yellow, changed to a fine orange on warming. 
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LAPACONITINE, SEPTENTRIONALINE AND CYNOCTONINE. 

The root of Aconiium septetUrionale^ (Koellc) contains 3 alkaloids 
which liave not liitherto been thoroughly investigated. Rosendahl 
has, however, described their properties in a general way. 

Lapaconitinc, f forms bulky hexagonal crj^stals, 

in. p. 205° is soluble in alcohol (i in 126), ether (i in 330), and spar- 
ingly soluble in water. Its solutions have a reddish-violet fluorescence. 
No salts have been described, but it forms a /r//iri?w^ 7 -substitution 
product. Lapaconitine has a bitter taste, is not extremely to.xic but 
exercises a depressant action upon the heart. When heated with 
alkalies it yields an ether-soluble alkaloid melting at 98°, an' alkaloid 
insoluble in ether melting at io6‘", and a ciy'stalline acid (m. p. 114°) 
which gives a blue colour with fiTric chloride. 

Septentrionaline, occurs in Acojiitum septen- 

irionale. It is obtained as a white or yellowish-white powder, m. p. 
129^ soluble in alcohol (i in 1.7), ether (i m 2.1) and water (1 in 58). 
I nlike lapaconitine, it does not give lluorescent solutions. The nitrate 
is precipitated by tlie addition of nitric acid to a solution in ether as a 
white hygroscopic powder. It forms a //'/ 7 iro/;/r;-derivative. 

Septentrionaline has a bitter taste and a local anaesthetic action, but 
it is not toxic. \\ hen heated with alkalies, it yields an ether-soluble 
alkaloid m. p. 88° an alkaloid m. p. 105° diflicultly soluble in etlier, 
and the same unknown acid as is obtained by hydrolysis of lapaconitine. 

Cynoctonine, Ca^jHg^OjgNj, is akso obtained from A. scptcntrionale. 
It is an amorphous light grey powder, m. p. 137°, readily soluble in 
alcohol and water and difficultly soluble in ether (i in 1,373). If does 
not form fluorescent solutions. No salts have been described but it 
forms a /n’/>ro/;/o-derivative. It has a bitter taste and resembles 
septentrionaline in its physiological action. 

Atisine, CjJIgjOjN, is the characteristic alkaloid of Aconitum 
^K'lcropliyllujfi^ a species of aconite which grows in the Himalayas 
‘fl altitudes from 6,000-15,000 feet. The root is very commonly 
^‘iiiployed throughout India as a mild and bitter tonic, and is sold in 
the bazaars under the name “Atis” or “Atees.’’ 

A complete investigation of the properties of atisine has been made 

S(’c footnote to pace 

(^scndahl.y. Phartn. tnim., 1896 [rf], 4, a6a. 
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by Jowett/ who was unable to find evidence of the existence in the 
root of any other alkaloid. Atisine occurs in the root in comhinatio,, 
with aconitic acid. The method of isolating it is similar lo that 
described for aconitine and the final purification may be accomplished 
by cr>’stallising as hydrochloride or hydriodide. The alkaloid is a 
colourless imcrystallisable varnish, readily soluble in water and insoluble 
in petroleum ether. It melts at about 85° and readily decompos(s 
when heated, [a]^ in alcohol — 19.6°. 

According to \Vaso\vicz,^ strong sulphuric acid colours ati^ine a 
faint violet which changes to red and dirty brown. Nitric add pro 
duces a brown, sulphuric acid a red, and potassium dichromate a ^^cen 
colouration with a distinct reddish-violet zone. 

Shimoyama^ obtained with some of the alkaloid prepared by \\ aso 
wicz a yellowish solution in concentrated sulphuric acid, gradually 
changing to a purple-red and becoming momentarily violet on adding 
a drop of water. No colouration was produced by nitric or hydrochloric 
acid. 

Ammonia precipitates atisine in white flocks from solutions of its 
salts. Tannic acid gives a yellowish-brown precipitate, and Mayi r’s 
reagent a white precipitate which readily crystallises from alcohol. 

The following table gives the properties of Atisine and its chief 
salts: 


Substance 

Form u he 

.M. p. 



j Rornark.s 

Atisine 

C«H„ 02 N. 

i 85“ 

; 

— 19.6'’ in 
ethyl alco- 
hol. 

1 Uncrystalliiicil, 

•hydrobromidc. . . . 

CnHiiQjN.IIUr. 

' 17 , 1 '’ 

+ 24.1“’ 

w.-itor. 

in 

1 Lonfi acidnlar 
] crystals. 

-hydrfxihloride . . , . 


j ! 

+ rH s" 
water. 

in 

1 LonK prisin.iti*- 
1 crystals, 

-hydriodide 

C21H1.O2N.HI. 

; 2 79- ] 

1 ^80® 

-C 27.4° 

water. 

in 

j Transparent i.il'-i’S 

1 sparinKly 
j in water. 

-nitrate 

C22H>.0,N.HN0i. 

2 sa“ i 

+ 28. 
water. 

in 

1 Hexagonal pl.it' S. 


Atisine docs not undergo hydrolysis on treatment with acids or alka- 
lies, but forms a new base — atisine monohydratc — which does not ( ry^^- 
talli.se or yield crystalline salts; nor docs atisine contain any methoxyl 

‘ Trans., 1896, 69, i^iS. 

* Arch. Pharm., 1H79, 11, 19^. 

* Arch. Pharm., i«85, aj, 495. 
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groups. Physiologically atisine is non-toxic, it has a bitter taste, and 
is employed medicinally in India as an antiperiodic, aphrodisiac and 
tonic. 


Palmatisine is a crystalline alkaloid contained in the root of A . 
palmatum, a bitter tasting root, known in India as bikhma or bishma, 
which grows in the Alpine Himalayas of Nepal and Sikkim. 

Palmatisine, which may be crystallised from a mixture of alcohol, 
ether and light petroleum, melts at 285° and the hydrobromUe at 245°. 

Palmatisine has not been fully characterised and no formula has been 
given to it. It resembles atisine in its physiological properties so far 
as they are known. 


Assay of Aconite Root and its Preparations. 


The chemical assay of aconite and of its various pharmaceutical 
preparations yields very unsatisfactory results— not so much on account 
of any difliculty in isolating and identif}ing the total alkaloid as from 
the difficulty of ascertaining what proportion of aconitine is contained 
in it. The extremely high toxicity of aconitine as compared with the 
other alkaloids makes any estimation of the total alkaloid of small 
value, not only because the proportion of aconitine contained in the total 
alkaloid of the original plant is subject to variation but also because 
the base is liable to become hydrolysed from various causes, both 
during the drying and storing of the crude drug and in the process of 
making the particular preparation. 

1 he chemical methods of assaying aconite and its preparations are 
based upon: 


1. The use of alkaloidal precipitants. 

2. The estimation of total ether-soluble alkaloid. 

3- The estimation of the crystallisable alkaloid. 

4- 1 he estimation of the acetic or benzoic acids split off on hydrolysis. 
As already premised none of these methods can be regarded as 

satisfactory. 


1- Alkaloidal Precipitants. — The use of iodine was proposed by 
Prescott and Gordin,^ and of silico-tungstic acid by Ecalle;* but since 
•^oth methods fail to effect any separation of the alkaloids or allied 
substances they may be dismissed. 

2- Total Alkaloids. — Methods based upon the weighing and titra- 

- ao. 706. 

firm. Chtm., 1901 [w], 14, 97. 
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tion of the alkaloid extracted by ether have found pr;i 


act lea I aLaa'pj-jj^^ 

and the pharmaco|Kvias of tiie United States and (iernianv idopt 
a method for standardising the preparations of aconite 
In dealijig with the dried root or stem it is best to follow i 
substantially identical with that employed in prepari^.r • ' 
25 grm. of the drug in coarse powder is exhausted by col.rpercolir 
with a mixture of 5 parts of methyl alcohol and i part of an'vl .klhi 
(Fusel oil fre^ueiMly contains pyruUne from which it nul^t b.- 
.i- cmptoycl for this purpose-.) The perco).-.,c is co,uv,nr,u.ir 

/i/re n-M shiM not excoed ;o^. // h mxt shaken nnh j succc. 
sive portions of 10 c.c of iff sulphuric achi and suhsctjuanlv twh 
with water, taking care to neutralise the separated acid with ammonia 
as quickly as possible. The aqueous extract is then rendered 
acid and extracted with ether 3 times (or as often as necessary) to 
remove colouring matter and amyl alcohol, and the aqueous jx>rii()ns 
are rendered alkaline with dilute ammonia and completely extriKtol 
with ether. With good roots there is a tendency for cry'stalline aroni 
tine to separate at this stage, and care must be taken to employ enough 
ether to rcdissolve it. The ethereal extract is evaporated to drym^s 
and weighed. 

In dealing with a tincture or e.\tract the equivalent of about 25 ^rm. 
of root is employed, and the alcohol is first removed by evaporation. 

25 c.c. of J% sulphuric acid is added, the insoluble matter is filurcd 
of! and washed and the filtrate and washings are extracted with other 
while acid, then rendered alkaline and extracted with ether ami 
weighed as above. 

The weighed alkaloid may be titrated using haematoxylin as indicator 
—I c.c. iV/io acid is equivalent to 0.0645 grm. aconitine. The larye 
proportion of alkaloids of lower molecular weight than aconilim 
which arc commonly present render titration inadvisable, howi ver. 
the titration figure sometimes being greater than the weight. 1 1 dm 
extraction of the acid liquid with ether is thorough, there is not nnuh 
non-alkaloidal matter weighed in the final residue.* 

The amount of ether-soluble alkaloid yielded by A. Napellus of 
good quality is 0.4 to o- 5 %- 


> Stevens (Pharm. Arch., 1903, 6, 49) and Taylor (/. Ind. and Ent. Chtm., i 909 ' u ‘’b], 
point out that rapid Iom of aconitine occurs when aconite extracts are neated to 100'', ' '' 
the amount of total alkaloid may remain practically unchanged. This fact further < j 
siscs the unsatisfactory nature of methods which depend upon the estimation oi to . 
alkaloid. 
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The British Pharmacopoeia does not adopt any method of stand- 

f rdising either aconite or its preparations. The U nited States Phar- 
%acopc^i(^ (8th rev.) adopts the following: 

To 10 grm. of powdered root 75 c.c. of 66% alcohol are added in a 
[200 c.c. Erlenmeyer’s flask and the contents stoppered up and agitated 
lat intervals for 4 hours; they are then transferred to a percolator 
L5 mm. in diameter and the percolation continued with 66% alcohol 
tintil 150 c.c. is obtained. The percolate is evaporated in a basin at a 
temperature not exceeding 60°, and 5 c.c. of iV/ 10 sulphuric acid and 10 
c.c. of water are added, the solution is filtered and the filter paper and 
basin arc washed with about 40 c.c. of water. The filtrate and wash- 
ings are transferred to a separating funnel, 25 c.c. of ether and 2 c.c 
of ammonia solution are added, and after shaking and separating 
they are further extracted 3 times with ether using 15 c.c., 10 c.c., and 
TO c.c., successively. The combined ether solutions are evaporated 
to dryness and the residue is dissolved in 3 c.c., Njio sulphuric acid, 
5 drops of hasmatoxylin are added to the solution which is then titrated 
back with A^/so potassium hydroxide and the amount of aconitine is 
calculated, using the factor i c.c. =0.06 grm. of aconitine. 

Reference to communications on this subject are given below: 
Kcalle (/. Pharm. Chim.y 1901 [vi], 14, 97). 

Beckurts {Ap. Zeit., 1903, 18, 67). 

Caesar and Loretz {Pharm, Centralh,, 1905, 46, 860). 

Gordin {Proc. Am. Pharm. Ass., 1906, 379). 

Lyons (Am. Drug., 1908, 89). 

Bernegau (Am. J. Pharm,, 1909, 122). 

Panchaud (Pharm. J., 1904, 72, 716). 

Dohmc (Proc. Am. Pharm. 1895, 206). 

3. Estimation of the Crystallisable Alkaloid.-— Some good roots 
contain only a relatively small amount of amorphous alkaloid. In 
such cases it is possible to cr}'stallise a large proportion of the alkaloid 
and so obtain a minimum figure for the quantity of aconitine present 
but hitherto no method has been proposed for quantitative separation. 
1 he total alkaloid is dissolved in 10 c.c. of dilute hydrochloric acid and 
filtered, 5 c.c. of ether is added and then a slight excess of dilute 
ammonia, the solution being stirred during the latter process. Crys- 
tallisation may be promoted, if necessary, by the addition of a minute 
^iTi^tal of aconitine, and should be complete in 15 minutes. The 
'vhole is then filtered under pressure, the crystals are washed with a 
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little ether and the ether is extracted by shaking twice with a slijrht 
excess of dilute hydrobromic acid and once with water. The acid 
extract is neutralised with ammonia and evaporated on a water l)aih 
until crystallisation commences. As much crystalline salt as possihle 
being thus obtained, it is dissolved and regenerated in the presence of 
ether as above; the crystals are then added to those already obtained, 
and weighed. This process is tedious and from its nature incomplete. 
It has been found to give better results with A. deinorrhizum than 
with A. NapdluSy owing to the larger proportion of crystalline alkaloid 
contained in the former species. 

4. Estimation by Hydrol3r8is. — Alder Wright and A. H. Allen 
have advocated a method of estimating aconitine based upon the esti- 
mation of the benzoic acid produced on hydrolysis; but later workers 
have shown that this method is unsuitable owing to the fact that 
benzaconine, equally with aconitine, yields benzoic acid on hydrolysis. 
Since aconitine is the only alkaloid present in A. Napellus which is 
known to yield acetic acid, better results were to be expected from 
determinations of the volatile acid obtained by hydrolysing the total 
alkaloid, the benzoic acid being removed by extraction with benzene. 
Dunstan and Tickle ‘ and Dohme,^ however, after repeated unsuccess- 
ful attempts to utilise this principle, abandoned it because the 
results afforded by it were too high and uncertain. 

The following proportions of total and isolated alkaloids have been 
obtained from the various species, where many results are available 
an average figure has been taken. Good quality roots of the variou.s 
species of aconite have been shown to contain the follQ.wing percentages 
of alkaloid: 


Species 


A. Napellus 

A. deinorrhizum 

A, Fischeri Var. Hondo. , 

A. iaponicum. Hokkaido 
A. Spicatum 

Physiological Methods of Assay. — A simple physiological method 
of judging the quality of aconite preparations was proposed by K. 1^ 
Squibb.® This method is based upon the peculiar property of aconitine 

* Phann.J., 1896 [iv], a, ut. 

*Proc. Am. Pharm. Assn., 1895, ao6. 

* Eph 4 nt 4 ris, i, las. 


Total ether-soluble 
alkaloid 


Essential alkaloid 


0.15% aconitine. 

0.4 % pseudaconitine. 
japaconitine. 
icsaconitinc. 
0.4 % bikhaconitine. 
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already referred to — of producing a tingling and numbing sensation 
upon the tongue and mouth. The principle followed is to ascertain 
the limit of dilution of an extract or tincture which will produce this 
characteristic effect within 10 minutes after i dram of the diluted 
mixture is held in the mouth for i minute. According to Squibb 

of a minim of a i in i extract, or the corresponding quantity of 
another preparation diluted with i dram of water, should produce 
the aconite effect within this limit of time. The mouth should be first 
rinsed with water, and the liquid held in the front of the mouth and 
expelled at the expiration of exactly i minute. Aconitine should 
respond to this test at a dilution of i in 500,000, the liquid extract of 
the root at i in 600, the liniment i in 400, the liquid extract of the 
leaves i in 100, the British Pharmacopoeia tincture i in 30, and the 
United States Pharmacopoeia tincture i in 60. The Squibb test cannot 
lie looked upon as a satisfactory quantitative method, the results vary- 
ing to a certain extent according to individual sensitiveness; neverthe- 
less certain workers regard it as of great value and superior to all the 
chemical methods hitherto proposed. In a valuable contribution, 
Taylor^ compares this test with other chemical methods of assay and 
draws the conclusion that it is the most reliable method of ascertaining 
the activity of aconite preparations. 

Another physiological test based upon a determination of the 
minimal lethal dose for frogs has been proposed,^ but the results 
obtained were erratic. 

Cash and Dunstan found that the to.xicity toward frogs was variable 
according to the time of year and the size of the frog, but from the 
work of these authors there appears to be no reason why the minimal 
lethal dose method cannot be successfully applied to warm-blooded 
animals. 


Toxicology of Aconite. 

The members of the aconitine group of alkaloids are among the 
most violent poisons known. The lethal dose of aconitine, deter- 
mined by Cash and Dunstan on cats and rabbits, is approximately 
013 nigrm. per kilo of body weight for warm-blooded animals. Cal- 
culated from this figure the fatal dose for an adult man would be 
9 mgrm. (| grain), but there is reason to believe that human beings 
comparatively more sensitive. Recorded cases of poisoning show 

iL*!." ss’- 
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a much greater toxicity than this. The fatal dose is clifTicult to fix, as 
in most of the cases in which such a dose of the pure alkaloid has 
administered, the quantity taken has not been known. Headland 
considers 6 mgrm. (^V grain) an ordinary fatal dose for an adult. 
Death appears to have been caused in i hour by 0.5 mgrm. ( , ’ ^ 
grain). ^ Winter Blyth considers 2 mgrm. (-5^^ grain) the minimum 
fatal dose for an adult when the poison is taken by the mouth; but if 
given hypodermically 0.15 mgrm. grain) would probably kill, 
since the whole of the poison is then thrown into the circulation at one 
time and there is no chance of its elimination by vomiting. Pereira 
relates a case in which -V grain nearly proved fatal to an elderly 
lady. Recovery has occurred after taking 2.5 grains; in this case, 
however, there was violent vomiting immediately, but most dangerous 
symptoms persisted for 30 hours.* In the Lamson case,* which 
proved fatal, the victim probably received about 2 grains. Other 
important cases are recorded by Dr. Busscher^ one in which recovery 
occurred after a patient had taken a total of 9.2 mgrm. of aconitine 
nitrate in 7 doses over a period of 50 hours, and another in which 4 
mgrm. of aconitine nitrate taken in i dose proved fatal. 

The symptoms of aconite poisoning usually begin to manifest them- 
selves a few minutes after the poison is taken, and arc, in some respects, 
quite peculiar and characteristic. They usually, but not invariably, 
commence with tingling and numbness of the lips, tongue, gums and 
throat, accompanied with a burning sensation in the stomach. These 
effects are succeeded by tingling and creeping sensations in various 
parts of the body, pains in the abdomen, headache, vertigo, and nans a, 
frequently accompanied by vomiting and sometimes by purging. 
There is also diminished sensibility of the skin, constriction iu the 
throat, frothing at the mouth, partial or entire loss of voice, im[)airc(l 
vision, ringing in the ears, and a feeling of tightness in various parts 
of the body accompanied by muscular tremors, cold perspirations, loss 

‘P/wirm. y., tSoo [«q, 30 , 734. 

* In a case of iK;isoning by aconite an emetic should at once be Riven or the stomach puit*! 
promptly used. Stimulants may be given with advantage. Animal charcoal, 

ward removed by the stomach-pump, has been recommended. Strychnine and . 
have been used successfully as antidotes, and a solution of iodised ioaido of potassimn n 
been suggested. , 

* In i 88 r a medical man named Lamson gave his brother-in-law, P. M. ^ohn, a >' Y', 
ig, who was paralysed below the pelvis, a dose of Morson's aconitine contained in 
capsule. Some so or 30 minutes after. John was seized with pain in the stomach, ^ 
at first called heart-bum. He then vomited, and suffered great pain, complained fi 
skin of his face being drawn, of a sense of constriction in the throat, and of being 
swallow. He retched violently, and vomited a small quantity of dark brown fluid. . 
tions of morphine gave some relief, but the symptoms returned, and ho was with ‘b' 
kept down by two men. Death occurred 4 nours after administration of the poison, 
victim remaininc conscious almost to the last. (Guy's Hospital Rtports, 1883, 307 ) 

*Btrl. klinische Wochtnschrift, 1880, 34, 338. 
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of muscular power, and great prostration generally. Smoetimes there 
is alternate contraction and dilatation of tlie pupil. 

The most constant symptoms of aconite poisoning are difficulty in 
breathing, progressive muscular weakness, a weak intermittent pulse, 
and, in most cases, vomiting, especially when the poison has been 
taken by the mouth instead of subcutaneously. Death usually occurs 
from syncope, preceded in some cases by delirium and convulsions. 
Convulsions occurred in 10 cases out of 94 collected by Drs. Tucker 
and Reichert,^ and opisthotonos happens occasionally. Death from 
aconite poisoning commonly ensues in from 2 to 6 hours, though there 
is considerable variation in this respect.^ 

The postmortem appearances from aconite poisoning are by no 
means characteristic. They are congestion of the lungs and liver, 
with an injected condition of the brain and its membranes. There is 
more or less redness of the stomach and intestines, which organs are 
frequently found empty. Great redness of the stomach and intestines 
is sometimes the only abnormal appearance after aconite poisoning, 
and this does not occur when the poison has beei^ given hypodermically. 
The right side of the heart usually contains more or less blood, and the 
blood throughout the body is generally fluid and dark in colour.^ 


Toxicological Detection of Aconite. 


Vv 'wej >>7 acorhlc or \ls ptepaTalions, 

the symptoms presented before and after death are of the utmost 
importance.* The poison is so violent, so readily decomposed, and so 
wanting in delicate and characteristic chemical reactions, that there 
is great difficulty in detecting it in the body by chemical analysis. 

The aconite alkaloids have been recovered from the urine, the blood, 
and the liver, and have been detected in the stomach several months 


after death; but the poison has been destroyed in cases where the 

‘ These symptoms probably depend larsely on the dose taken. With large doses, the 
hrart s action is arrested before the rx>ison Iws had time materially to affect the excitability 
ot the motor nerves* and the heart once stopped, further absorption is diminished or 

arrested. ’ 

* L' 5 cases of aconite poisoning recorded by J. W. Mallctt, death ensued respectively in 

.'o. 15. 75 and 135 minutes, while in the sixth case it did not occur until 4 days after the 
poison was taken. , . . , 

J In the Lamson case, 64 hours after death there was great redness and inflammation of 
the cardiac end of the stomach, which had a blistered appearance, the mucous membrane 

.;^;‘"5>nplacessmall, slightly raised, yellowish-grey patches. 

I he duodenum was greatly congested, and there were congested patches m other parts of 
the small intestine. The brain and its membranes were slightly congested, and the lungs 
much so, especially toward the posterior parts. The heart was very flaccid, nearly empty, 
ri' with olood -pigment. The pupils were dilated and the lips and tongue pale. 

contained 3 or 4 oz. of urine. , ■, j • .u * * * 

It IS for this reason that the symptoms of aconite poisoning are desenbod in the text at 
length than might appear necessary in a work treating of the chemist s duties rather 
than those of the medical practitioner. 
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viscera have become and remained alkaline for some time from putre- 
factive decomposition. 

In cases of supposed poisoning by aconite, the stomach and intestines 
have been carefully examined for portions of the leaves or other parts 
of the plant. These, if found, may be identified by comparison of 
their botanical characters with those of real aconite. The fragments 
may be washed with a little distilled water and masticated with the 
front teeth, when the persistent tingling and numbness so characteristic 
of aconite will be distinctly recognisable. 

For the isolation of aconite bases in cases of poisoning, the suspected 
matters should be finely divided and treated at the ordinary tempera- 
ture with strong alcohol, which should be slightly acidified with tar- 
taric acid, unless already distinctly acid. The liquid is strained and 
evaporated to a low bulk in vacuo at a temperature not exceeding 40®. 
The residual liquid is filtered cold, acidified with tartaric acid, if 
requisite, shaken with ether to remove fats, etc., separated, and 
rendered alkaline with sodium carbonate. The alkaloids are then 
extracted by shaking with ether, and the solution is washed by agitation 
with water and evaporated at a gentle heat. 

The alkaloid residue having been obtained, it should be tested 
according to the method given on page 261. 

The Squibb test given on page 282 is of great value in identification 
and confirmation may be obtained by administering a fatal dose to 
mice or guinea-pigs. 

The relative toxic doses of aconitine and its allies are as follows: 

Aconitine, i 

Indaconitine, i 

Japaconitine, 0.85 — 0.9 

Bikhaconitine, 0.75 

Pseudaconitine, 0.4-0.45 

When administered therapeutically in the above proportions it may 
be considered that they exert identical physiological action, such 
differences as exist being very small and unimportant. It must not 
be forgotten, however, that the action is more or less modified by the 
other alkaloids present in galenical preparations and in the amorphous 
aconitine of commerce. 

Benzaconine, which has a toxicity of about 1/250 that of aconitine, 
and aconine, which has a toxicity of about 1/2,000 that of aconitine. 
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both exert an action antagonistic to that of aconitine and in sufficient 
doses may effectively act as antidotes to it. 

Pharmacology of Aconite.* 

Aconitine is employed in medicine to reduce the temperature in 
fevers; even in minute therapeutic doses it has a decided slowing 
effect upon the heart. It is excreted mainly by the kidneys and has 
l)cen found in the stomach after administration by hypodermic 
injection. 

The drug is readily absorbed by the skin, especially when applied 
in the form of an ointment, producing a tingling sensation followed by 
local anicsthesia. It is therefore employed in this way to remove the 
pain of rheumatism, neuralgia, etc. 

It will readily be understood that the amorphous aconitines- of 
commerce are undesirable; it has been shown that the physiological 
activity of some is al)out 50 times as great as that of others, while the 
chemical examination of a number of samples has proved similar 
variation. 

The commonly accepted medicinal dose of crystalline aconitine is 
grain per dose or jJxr grain per day. 

The ointment of aconitine has an official strength of 2 parts, of acon- 
itine in 100 parts and is employed only on unabrased surfaces. 

The relative strengths and doses of the principal preparations of 
aconite root are given in the following table: 


Preparation 

; Proportion of root 
in preparation 

Dose 



0.03-0.06 grm. 

0.5-1 grain. 



Kluidextract, United States Pharma- 
coptria. 

1 ^ I 1 

0.03-0,06 c.c. 

0.5-1 min. 

Liniment, British Pharmacoparia 1 

1 1 in li 


1 incture, British Pharmacopiria 

I in 20 

0.3-0. 9 c.c. 

5-15 min. 

Tincture, United States Pharmacopceia . . 

I in 10 j 

0. 2-0.6 c.c. 

3-9 min. 

Tincture, Dr. Fleming's 

1 in 1 .43 i 

0.06-0.3 C.c. 


i-S min. 


A very full and detailed account of the pharmacology of the aconite bases is given in the 
pipers of Cosh and Dunstan {Phil. Trans., 1898, B., 190, 2,19 and 1903, B., 195, 

^foc. Roy, Soc., 1898, 62, 338; 1901, 68, 378; 1905, B., 76, 468), and Heinz (Arch. Pharm., 
347. 266). 

^or reports upon commercial aconitine see papers by: Duquesnel (Y. B. Pharm , 1872, 
?!!'■ Plugge (Arch. Pharm., Jan., 1882); Squibb (Ephfmeris, i, m5 ); Buntzen and Madsen 
yl^narm.J,, i88s [m], 16, 3667; Dunstan and Carr (Trans., 1893, 63, 491). 




ATROPINE AND ITS ALLIES. 
TROPEINES AND SCOPOLEINES. 


By FRANCIS H. CARR. 

There occurs in many of the plants of the family Solamcecs a re- 
markable series of alkaloids distinguished by the property of dilating 
the pupil of the eye. The series is, on this account, often termed that of 
the “mydriatic alkaloids”; the different members of it have been given 


names derived from the plants which contain them; and as the same 
alkaloids occur in different species, some confusion has arisen through 
identical substances obtained from different plants being differently 
named. Thus the names “duboisine” and “daturine” have been 
given to mixtures of atropine and hyoscyamine which have been 
obtained respectively from Duboisia and Datura, 

The plants which are known to yield mydriatic alkaloids are:^ 

Anisodus luridus^ (Scopolia Inrida) 

Hyoscyamine. 

Atropa Belladonna (deadly nightshade) 

Hyoscyamine. 

Belladonnine. 

Datura arborea 

Hyoscyamine. 

Hyoscine. 

Datura Jastuosa 

Hyoscyamine. 

Hyoscine. 

Datura metel 

Hyoscyamine. 

Hyoscine. 

Datura meteloides 

Hyoscyamine. 

Hyoscine. 

Meteloidine. 


„ ' A full account of the Quantities of alkaloids present in these plants will be found on 

PaRe,:,!,. 

vSiebert {Arch. Pharm., 1890. aS, 14s) found that Xnisodus /wridfir, a Himalayan solan- 
ceous plant, Contains hyoscyanune. 

VoL VI. — 19 289 
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Datura quercijolia 

Datura stramonium (thorn apple) 

Duboisia myoporoides 

Hyoscyamus niger (henbane) 
Hyoscyamus albus 
Hyoscyamus muticus 
Mandragora vemalis^ (mandrake) 


Hyoscyamine. 

Hyoscine. 

Hyoscyamine. 

Hyoscine. 

Hyoscyamine. 

Pseudohyoscyamine. 

Hyoscyamine. 

Hyoscine. 

Hyoscyamine. 

Hyoscyamine. 

Pseudohyoscyamine. 

Mandragorine. 


Scopolia camiolica (Scopolina atropoides) 


Hyoscyamine. 

Hyoscine. 

i-Scopolamine. 


Scopolia japonica Hyoscyamine. 

Solandra Iccvis^ Mydriatic alkaloid. 


Where hyoscyamine has been found its racemic modification atropine 
has been observed also, but it is uncertain as to whether it exists in the 
living plant or is formed in the process of separation. 

The three best known natural alkaloids of this group, viz., atropine, 
hyoscyamine and hyoscine, have wide application in pharmacology, 
not only on account of their valuable mydriatic property, but also for 
their effect on muscles, secretory glands, and the central nervous 
system. The others are not of practical importance. All these alka- 
loids are readily sajDonifiable and traces of the products of hydrolysis 
are therefore liable to pre-exist with them in the plant or to be formed 
during the production of the alkaloids or of their galenical preparations. 
The following table exhibits the leading properties of these alkaloids: 


1 Hesse, J. Pr. Chem., 1901 fti], 641 »74. 

* Petrie communicate to the Linnean Society of New South Wales an account of a new 
mydriatic alkaloid containe in Solartdra ktvts. The alkaloid resembles 
diners from it in not redening phenolphthaleln; it yields atropic acid upon hydroiysw 
(Chemist and Druggisi, 1908, 73, 14). 
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Base 

Formulae 

M. p. 


Form 

Produc 

dro 

Acid 

:t8 of hy- 
lysis 

Base 

Atropine 

(t-hyoscyamine) 

CitHmOiN. 

117-118® 

Inactive. 

Lustrous 

prisms. 

Tropic 

acid. 

Tropine. 

Hyoscyamine 

(/-hyoscyamine.) 

CuIIjiOjN. 

107® 

— 22.0® 
(50% al- 
cohol). 

Slender 

needles. 

Tropic 

acid. 

Tropine. 

Hyoscine 

CnHiiO.N. 

56-57® 

-28.0® 

(water). 

Amorphous. 

Crystalline 

hydrate. 

Tropic 

acid. 

Scopoline 

(oscine). 

/Scopolamine 

(atroscine). 

CnHnOiN. 

82-83® 

Inactive. 

Crystalline. 

Tropic 

acid. 

Scopoline 

(oscine). 

Pseudohyoscy- 

amine. 

Ci7HmO,N. 

133-134® 

- 21 . 1® 
(abs. alco- 
hol). 

Needles. 

Tropic 

acid. 

Base 

CiHibNO. 

Atropamine 

C.tHsiOjN. 

60-62® 

Inactive. 

Prisms. 

Atropic 

acia. 

Tropine. 

Belladonnine . . . 

C.rHj.OjN, 



Amorphous. 

Atropic 

acia. 

Tropine. 

Mandragorine , . . 

CuHuOjN. 



Amorphous. 

Atropic 

acid. 

New base. 

Meteloidine 

CuHjiO^N. 

141-142® 

Inactive. 

Tabular I Tiglic i 

needles. ! acid. j 

Teloidine. 


The pre-existence of atropamine and belladonnine in the plant is 
not absolutely established. 

Atropine and hyoscyamine are respectively the inactive and laevo- 
tropyl esters of tropine. These and other esters of tropine have been 
produced synthetically, thus giving rise to a large class of substances 
to which the name tropeines has been given. Similarly, t-scopolamine 
and hyoscine are the inactive and Ixvo-tropyl esters of scopoline, and 
the esters of this base have been termed scopoleines. 

The natural tropeines and scopoleines are all easily hydrolysed by 
treatment with acids or alkalies. Thus the hydrolysis of atropine or 
Voscyamine by the latter results in the formation of tropic acid and 
tropine in accordance with the equation: 

C,;H„ 03 N+H, 0 =C,H,o 03 +C,H, 50 N. 

Atropine. Tropic acid. Tropine. 

When the hydrolysis is effected by an acid, especially concentrated 
hydrochloric acid, the tropic acid loses the elements of water; atropic 
^cid, CgHgOj, results, and at a high temperature this is more or less 
tdianged into its polymers a- and /?-isatropic acid, CnHjgO,. Such 
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products also result from the hydrolysis of the anhydro-bases bella- 
donnine and atropamine by barium hydroxide. 

The preferable method of effecting the hydrolysis of the tropeiius 
is to heat the alkaloid with saturated barium hydroxide solution to 60 
or 80° for a few hours. Dilute sulphuric acid is next added to the 
liquid till a drop ceases to give a pink colouration with phenol phthalem 
The liquid is then filtered, and the filtrate acidified with hydrochloric 
acid and twice shaken with ether. The ether is separated and when 
evaporated yields the acid product of the hydrolysis; on treating the 
aqueous layer with alkali hydroxide in excess and agitating with chloro 
form, the basic product is extracted, and may be recovered by separat- 
ing and evaporating the chloroform. 

Tropic acid, C8H5.CH(CH2.0H)C0.0H, is a:-phenyl-/?-hy(lrox}- 
propionic acid. It crystallises from hot water in needles or sh ncler 
prisms, and, on the spontaneous evaporation of its aqueous solution, 
in tablets, m. p. 125-126®. It is optically inactive, as obtained from 
atropine or from hyoscyamine by alkaline hydrolysis but from the 
latter alkaloid by acid hydrolysis the l®vo acid of [aJo— 71.8® results. 
Tropic acid is not volatile without decomposition. It has a slightly 
sour taste, dissolves in 40 parts of cold water, and is soluble in alcohol 
and ether. When heated with a dilute solution of potassium per- 
manganate, tropic acid gives an odour of bitter-almond oil, and on 
further treatment benzoic acid is produced. Tropic acid has been 
prepared synthetically {Ber,^ 1880, 13, 2041). 

Atropic acid, CflH5.C(:CH3).CO.OH, is a-phenylacrylic acid. 
It is isomeric with cinnamic acid (Vol. 3), from which it diilers 
by its solubility in water (i in 692 at 19°), its lower m. p., and 
in the failure of manganous salts to precipitate it from its neutral 
solutions. Atropic acid has been prepared synthetically, and may 
also be obtained by heating tropic acid with hydrochloric acid, or by 
the direct action of fuming hydrochloric acid at 120® or boiling con- 
centrated barium hydroxide solution on atropine. It crystallines 
from hot water in needles, and from alcohol in tablets or monoclinic 
prisms, which melt at 106-107®, volatile with steam and boil with 
decomposition at about 267®. Atropic acid is very soluble in carbon 
disulphide. It is oxidised to benzoic acid by chromic acid mixture, 
and yields formic and phenylacetic acids when fused with potassium 
hydroxide. Sodium-amalgam reduces it to a-phenylpropionic acid. 
Bromine-water converts it into a-/?-dibromo-a-phenylpropionic acid. 
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Isatropic acid, is polymeric with atropic acid, 

and is always formed, together with that acid and tropic acid, when 
atropine is heated with hydrochloric acid. Isatropic acid is also 
formed in small quantity when atropic acid is recrystallised from hot 
water, and in larger amounts if the solution be boiled for some time. 

Several isomeric modifications of isatropic acid exist; a-isatropic acid 
is almost exclusively formed when atropic acid is heated for many 
hours at 140-160° in a closed flask. It forms small warty crystals, 
which melt at 237°, are very slightly soluble in water, and nearly 
insoluble in ether. It is not affected by sodium-amalgam or cold 
bromine-water, ^-isatropic acid is formed, together with much of the 
tt-modification, when the aqueous solution of atropic acid is boiled. 
It crystallises on cooling, in small quadratic tablets, m. p. 206°, and is 
converted at 220-225° a-acid. y- and S-isatropic acids were 

obtained by Liebermann by the hydrolysis of truxilline (cocamine), a 
base contained in some varieties of coca leaves. From their source he 
subsequently named them a- and / 9 -truxillic acids. 

Tropine, C7H|,(OH)N.CH3, has the * constitution of a 7-atom 
carbon ring with an N -bridge having a methyl attached: 

HjC-CH CH^ 

N.CH3 CHOH 
H3C-CH CHj. 

It crystallises from absolute ether in rhombic tablets, m. p. 63°, 
b. p. 233° without decomposition. It is hygroscopic and very easily 
soluble in water and alcohol, remaining as an oil on the evaporation 
of these solutions. Tropine is optically inactive, and cannot be 
resolved into its active constituents; it is a strong tertiary base and 
forms salts which crystallise well. The plantinichloride^ BjjHjPtClj, 
forms large, orange-red monoclinic prisms, easily soluble in warm 
'vater, insoluble in alcohol, m. p. (dccomp.) 198-200°. The auri- 
diloride BjHAuCl^ forms large yellow plates, m. p. (decomp.) 210-212°. 
1'he picrate is formed as a yellow precipitate, crystallising from hot water 
in yellow needles. On distilling with soda-lime or barium hydroxide, 
hopine yields methylamine, water and tropilidene — C8Hj50N = 
CHgNHj-f HjO-f CyHg. When heated with fuming hydrochloric 
aoid to 180°, or with glacial acetic and strong sulphuric acid, it loses the 
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elements of water and is converted into tropidine, C5Ha(C2H4)N.CIl, 
a liquid base boiling at 162°, smelling like coniine. Tropidine is of 
interest from its relation to anhydro-ecgonine (compare page 338). 

Pseudotropine,^ CgHigON, is a stereo-isomer of tropine, and 
results from the hydrolysis of tropacocaine — an alkaloid obtained bv 
Liebermann from Java coca leaves. It may also be readily prepared 
from tropine by treating the latter with sodium amyl oxide. It 
forms prismatic crystals, m. p. 108°, b. p. 241° without decomposi 
tion, and is soluble in water, benzene, chloroform, alcohol and less 
readily in ether. 

Pseudotropine hydrochloride crystallises in prisms, m. p. 280-282°, 
the aurichloride in golden plates, m. p. 225°, and the platinichloride in 
rhombohedra, m. p. 205-206®. 

Like tropine it yields tropidine when treated with strong acids; the 
tropyl ester and other esters of pseudotropine, unlike the correspond- 
ing tropeines, are not mydriatic. 

Scopoline (oscine), CgH^OjN, results from the hydrolysis of 
i-scopolamine and hyoscine*. It crystallises in prisms from light petro- 
leum or chloroform, m. p. 109-110®, b. p. 241-243°. It is easily 
soluble in water and alcohol and less readily in ether. It forms a 
crystalline hydrochloride^ hydrobromide, hydriodide, sulphate, etc. It 
has been suggested that its constitution differs from that of tropine in 
the substitution of a CO group for a CH^, but E. Schmidt* has failed 
to obtain any direct evidence to support the view that scopoline contains 
a CO group. Scopoline is optically inactive, but unlike tropine it 
may be resolved into its d- and /-constituents. (Tutin, Trans., 1910. 
97, 1 793*) 

Atropine (d/ hyoscyamine), C^HjjOjN, 

CHj-CH - CHj 

i I 

N.CH, CH.O.CO.CH.C,H, 

I I I 

CH,-CH - CH, CH,-OH 

* According to Ladenburg, an isomer of tropine results from the hydrolysis of hyoscine: 
this also IS named pseudotropine but is not identical with Liebermann’s base. It has m- P 
106® and b. p. 341-943®, and forms rhombohedral crystals. It is less hygroscopic than 
soluble in water and chloroform and somewhat sparingly in ether, thy 
small orange-red rhombic prisms, easily soluble in water, m. p., 

BHAuCli foriTM small crystals, m. p. 198®. Later workers, however, have stated that m 
basic hydrolytic product of hyoscine is scopoline, which, though of different compos'- 
tion, has similar properties to these recorded by Ladenburg for pseudotropine (Ber., 

*51). 

*Apoth. Ziit., 1905, ao, 669, and Arch. Pharm., 1906, 343, 559. 
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is commonly regarded as the characteristic alkaloid of Atropa bella- 
donna or deadly nightshade, though in the living plant it is often largely, 
or perhaps entirely, replaced by /-hyoscyamine, the latter alkaloid 
being readily converted to atropine, which is its racemic form. Atro- 
pine is also obtained iiomScopolia camiolica^ S. japonica^ Datura Stra- 
monium^ D. metelf D. meteloideSy D. fastuosa and Duboisia my opor aides. 
Atropine has been completely synthesised, and by crystallisation as the 
salt of an optically active acid, its resolution ‘ into d- and /-hyoscyamine 
has been effected. 

Pure atropine’ forms tufts or groups of colourless or white lustrous 
needles or prisms. It melts at ii8® but the commercial alkaloid 
often begins to melt at a lower temperature owing to the presence of 
hyoscyamine. At a higher temperature atropine decomposes into 
atropic acid and tropine, which latter shows signs of volatility. 

Atropine is odourless but has a disagreeable bitter and acrid taste. 
It is a powerful poison, producing delirium and convulsions (page 309). 
From 0.05 to 0.2 grm. is commonly fatal, and 0.001 grm. (and 0.004 
grm. per day) the maximum medical dose for an adult. Much smaller 
amounts than this produce marked mydriasis or dilation of the pupil 
when applied to the eye (page 310). 

Atropine is soluble in about 450 parts of cold or 35 of boiling water. 
It dissolves in glycerin and in olive oil. It is soluble in alcohol 
(3 parts), ether (60 parts), chloroform (2 parts), amyl alcohol, and 
benzene (42 parts), but is only slightly soluble in cold petroleum 
spirit or carbon disulphide. The solutions are optically inactive. 

The aqueous solution of atropine exhibits a distinctly alkaline 
reaction to litmus, haematoxylin and phenolphthalein, the latter char- 
acter distinguishing it and its isomers from almost all other known 
alkaloids. Atropine is a tertiary base with a methyl group attached 
to the nitrogen, and forms salts which are well crystallised. 

Atropine is readily produced from hyoscyamine by treating a solution 
of the latter with dilute alcoholic alkali hydroxide, or even by allowing 
a plain solution to stand for a long time. When heated to 110° hyo- 

J BarrowcUf! and Tutin, Trans., 1009, 95# *966. 

’ For the preparation ol atropine from belladonna the dried leaves should be macerated 
lor several days in cold water, and the liquid concentrated by evaporation, treated with 
sodium carbonate and agitat^ with benzene. The benzene solution is separated and 
agiUted with dilute sulphuric acid and the acid liquid again rendered alkaline with sodium 
carbonate. The liberated alkaloid is then extracted with chloroform, the solution in which, 
when mixed with petroleum spirit and allowed to evaporate spontaneously, deposits the 
^tcopine first, while the asaociatM alkaloids remain in the mother-liquor. It is perhaps more 
**sy to prepare atr^ne from belladonna root. Chloroform is the best solvent for the 
extraction of atropine from an alkaline liquid but ether is preferable for its subsequent puri- 
hcation and crystallisation (A. W. Gerrard). 
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scyamine is also converted into atropine. At about 130° atropine loses 
the elements of water, and belladonnine is produced. It is readily 
hydrolysed into tropine and tropic acids (see page 291). Concentrated 
sulphuric or nitric acids and acetic or phosphoric anhydrides con- 
vert atropine into atropamine. Other reactions of atropine are 
described on page 303, et seq. 

Atropine sulphate, BjjHaSO^, prepared by neutralising atropine 
with dilute sulphuric acid and evaporating the solution to dryness at 
100°, is a colourless and odourless crystalline powder, neutral or faintly 
alkaline, easily soluble in water and alcohol. The commercial salt is 
often faintly alkaline and keeps better when so made. It should be 
anhydrous or contain not more than 4%* of water. When dried at 
100® it melts at 194°, but the presence of moisture considerably lowers 
this point. According to E. Schmidt, the more hyoscyaminc a sample 
of commercial atropine sulphate contains the finer is its crystalline 
appearance, the pure salt occurring as granular white masses. The 
absence of hyoscyamine in a sample is shown by the optical inactivity 
of the solution. 

Atropine hydrohromide, B,HBr, crystallises in fine needles, m. p. 
163-164°, 

Atropine hydrochloride, B,HC 1 , forms needles, m. p. 162°. 

Atropine picrate forms rectangular plates, m. p. 175-176°. 

Atropine oxalate, BjjCjHjO^, crystallises readily in prisms, m. p. 
198°. 

Atropine aurichloride, BjHAuCI^, shows a tendency to separate 
as an oil which subsequently crystallises; it forms opaque yellow 
glomerates, m. p. 137-139°. 

Atropine auribromide, B,HAuBr4H20, forms chocolate-coloured 
prisms, m. p. 120°. 

Atropine methobromide (mydriasine), B,MeBr, results from the 
interaction of atropine and methyl bromide in chloroform. It forms 
glistening scaly crystals, m. p. 222-223°, readily soluble (i in i) in 
water. 

Atropine salicylate and valerate are occasionally employed in 
ophthalmic surgery. 

Commercial atropine and its salts should be free from yellow 
colour, and should not become coloured on treatment with strong 
sulphuric acid or excess of ammonia. A solution should be entirely 
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without effect on polarised light. This substance should leave no 
appreciable residue on gentle ignition. A solution in water — i in 
j QQo — should have an acrid and bitter taste and on the addition of a 
drop of gold chloride solution yield a non-lustrous golden-yellow pre- 
cipitate, which melts under boiling water, i drop of a solution 
of atropine or its salts in 45,000 parts of water (or less than 2 grains 
per gallon), when placed in the human eye, should cause dilation of 
the pupil in from 40 to 60 minutes. • 

Hyoscyamine, l-hy oscy amine ^ daturine, duboisine, CjylljsOgN. 
This base is characteristic of the various species of Hyoscyamus, but 
also occurs in Belladonna, Stramonium, and other solanaceous plants 
in association with atropine, into which alkaloid it readily passes by 
simple racemisation. If hyoscyamine be kept at a temperature 
slightly above its m. p., the optical activity gradually falls and 
the product is found to consist of atropine. Conversion of hyoscya- 
mine into atropine also occurs when its cold alcoholic solution is allowed 
to stand after a slight addition of potassium, sodium or ammonium 
hydroxide. 

Hyoscyamine crystallises from alcohol or hot petroleum in slender 
needles with a peculiar tendency to come out in a jelly-like mass. It 
melts at 107®, In its solubilities it closely resembles atropine. The 
specific rotatory power of the pure base, taken in 50% alcohol, is 
lalo“-22°; but as met with in commerce it generally contains a small 
proportion of atropine and rarely has a higher rotation than [ajp— 21°. 
The rotation of the basic ion contained in its salts is [aj^ — 32 . 5® (Carr 
and Reynolds, Trans., 1910, 97, 1328). It resembles atropine in taste 
and physiological action, though its activity is much greater. 

On hydrolysis hyoscyamine yields tropic acid and tropine. If 
hydrolysed by heating with water, Imvo-tropic acid and inactive tropine 
are produced; but if alkali is employed, both products are optically 
inactive. The difference between hyoscyamine and atropine, there- 
fore, lies in the activity in the one case and inactivity in the other of 
the tropic acid residue. 

As in the case of atropine, atropamine and belladonnine result from 
the action of strong acids and acid anhydrides upon hyoscyamine. 

A table showing the principal distinctions between the properties of 
liyoscyamine and atropine and those of their salts will be found on 
page 291. 
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Hyoscyamine sulphate, B2,H2S04, crystallises more readUy than 
atropine sulphate, and melts at 205-209°. It is very soluble in water. 
A 4% aqueous solution gives [a]- 27.8°. 

Hyoscyamine hydrobromide forms hne needles, m. p. 151°. 

Hyoscyamine picrale crystallises in plates, m. p. 165°. 

Hyoscyamine oxalate, B2,C2Hj04, forms very long prisms, m. p. 
176° 

Hyoscyamine methobromide crystallises in colourless crystals, m. p. 
210 - 212 °. _ 

Hyoscyamine aurichloride, B,HAuCl4, crystallises from alcohol 
in anhydrous golden-yellow hexagonal plates, m. p. 165°. 

Hyoscyamine auribromide, B,HAuBr4HjO, crystallises in deep 
red coloured and highly lustrous needles having i molecule of water; 
the anhydrous salt sinters at 155° and melts sharply at 160°. 

d-Hyoscyamlne resembles its optical antipode in all its chemical 
properties and those of its salts, but though its physiological activity is 
similar in kind it is much less in degree, ‘ the mydriatic action being 
about i/ioo and the paralysis of the vagus nerve 1/25 of that of 
/-hyoscyamine. 

Pseudohyoscyaminc, Cj^H^OgN, was obtained by Merck 
from Duboisia myoporoides,^ in which it is accompanied by hyoscya- 
mine and atropine. It also occurs in Mandragora vernalise It 
crystallises in needles from ether and chloroform, m. p. 133-134^ 
is readily soluble in chloroform and alcohol, less readily in ether and 
water. It forms a crystalline aurichloride, m. p. 176°, and picrate, 
m. p. 220°. It is laevorotatory, mydriatic, and only slightly poisonous. 
On hydrolysis it yields tropic acid and a base, CgH^jON, isomeric 
with tropine. 

Atropamlne. — Apo-atropine, CnHjjOjN, is the a»Aydrt?-derivative 
of atropine. It is reputed to occur naturally associated with atropine 
and hyoscyamine in the solanaceous plants, but is best prepared from 
either of the two latter alkaloids by adding the substance gradually to 
strong nitric acid or sulphuric acid, or by heating it with acetic or 
phosphoric anhydrides. 

tCushny (/. Physiol. 1904, 30, 176) and LaidUw (Trans., 1909, 9 S« 1969). 

^Arch. Fhartn., 189,3, 23*. **7- 

< Hesse, J. Pr. Chem., 1901 [ m ], 64, 374.. 
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Atropamine crystallises from ether in prisms, m. p. 60-62°, which 
are very slightly soluble in water and petroleum ether, readily in 
alcohol, chloroform, benzene and carbon bisulphide. It forms salts 
which crystallise well from water. The sparing solubility of the 
hydrochloride and hydrobromide affords a ready means of separating 
atropamine from the other alkaloids of this group. The aurichloride 
crystallises from water in fine yellow needles, m. p. 110-112°. 

On hydrolysis atropamine yields atropic acid and tropin e, 

C,Hi,ON. 

Atropamine is optically inactive, does not redden phenolphthalein 
(being thus unlike atropine and hyoscyamine), but colours red litmus 
blue. It has a bitter taste, does not possess mydriatic properties, but 
produces a burning sensation when dropped into the eye. 

Belladonnlne, is isomeric with atropamine, and is 

formed by the treatment of the latter alkaloid with moderately conr 
centrated hydrochloric acid at 80° or with other acids or barium 
hydroxide. It is stated to be present in belladonna root in small 
amount and is generally found in the mother liquors of hyoscyamine 
and atropine. Belladonnine forms a varnish-like mass, very sparingly 
solubte in water, but readily in alcohol, ether, chloroform and benzene. 

The salts are amorphous; Bj,H2PtCl, and BjHAuCli are yellow 
pulverulent precipitates quite insoluble in cold water. 

On hydrolysis it is decomposed into atropic acid and tropine in the 
same manner as its isomer atropamine. 

Hyoscine^ (/-scopolamine), Ci7H2|04N,Hj0, occurs in small 
amounts, together with hyoscyamine and other alkaloids, in many 
solanaceous plants (see page 291). Schmidt and Kircher* have 
shown that the various species of Datura are peculiar in producing 
larger proportions of it than is the case with most other solanaceous 
plants. 

^ Much confusion and controversy have arisen as to the relationship between, and the 
identity of, the alkaloids hyoscine, scopolamine and atroscine; but there appears good reason 
to believe that these names have been variously applied to the Uevorotatory and racemic 
forms of the same base, though recent work has shown that several optical isomers are 
possible. 

. In Germany, where this subject has been chiefly investigated, the names Ifevo- and 
inactive-scopolamine have been more generally employed. In England and the United 
btates the term hyoscine is used in the respective pharmacopoeias to designate the l®vo- 
bMe, it is therefore adopted in this article but the name t-scopolamine has been retained tor 
the inactive base. A more general adoption of the name atropine for the latter would draw 
* between hyoscyamine-atropine and hyoscine-atroscine. 

*Arch, Pharm., 1905, 343. 303. 
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“Amorphous hyoscyamine,** formerly employed in medicine, 
appears to have consisted largely of hyoscine. When pure, however, 
hyoscine may be crystallised as hydrate from water. 

Pure hyoscine crystallises in rhombohedral crystals with i mole- 
cule of water; it is readily soluble in water, alcohol, ether and chloro- 
form, and less readily in light petroleum and benzene. [«]□— 28° in 
water. Like hyoscyamine it is an ester of /-tropic acid with an alcohol 
of a basic character. This base, which has been named scopoline or 
oscine, appears to be optically inactive as in the case of its analogue— 
tropine. By the action of alkalies or by direct heat hyoscine is 
racemised to f-scopolamine. Hyoscine resembles atropine and 
hyoscyamine in its physiological action, producing more powerful, 
but less lasting, paralysing effect upon the peripheral nerve endings 
and depression of the motor area. It does not, however, stimulate 
the brain initially and is consequently employed by preference for 
cerebral affections; it is of great use in acute mania. 

Hyoscine hydrobromide, B,HBr,3H20, forms colourless rhombic 
prisms, m. p. of the dried salt 192-194®, [a]^ (in water) — 25.4°; the 
commercial salt generally contains 11-12% of water and is variable 
in its optical rotation owing to the presence of /-scopolamine. 

Hyoscine picraU forms slender matted needles, m. p. 1 80-18 j®. 

Hyoscine aurichloride, B,HAuCl4, crystallises in yellow prisms, 
m. p. 198-200° 

Hyoscine auribromide, B,HAuBr4, crystallises from hot water in 
brown prisms, m. p. 210°. 

/-Scopolamine, atrosclne, CjyHjiNO^, is the optically inactive 
isomer of hyoscine (see footnote to page 299). It forms 2 crystalline 
hydrates: with 2H2O, m. p. 37-38®; with iHjO, m. p. 56-57®. The 
anhydrous base melts at 82-83®. It forms crystalline salts. 

i-Scopolamine hydrobromide, B,HBr,3H30, crystallises in rhombic 
tables, m. p, 181°. 

^Scopolamine hydriodide, B HI, jH^O, m. p. 192®. 

i-Scopolamine pier ale forms slender matted needles, m. p. 193°. 

i-Scopolamine aurichloride, B,HAuCl4, m. p. 208®. 

i-Scopolamine methobromide forms white needles, m. p. 216-217®. 

Mandragorlne, CuHigOjN, is a distinctive alkaloid which occurs 
in Mandragora vernalis along with hyoscyamine, pseudo-hyoscyaminc 
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and hyoscine. It has been characterised by Hesse^ as a brownish oil 
forming a crystalline aurichloride, m. p. 124-126°. On hydrolysis it 
yields atropic acid and a new base which hitherto has not been 
characterised. 

Meteloidlne,^ CjgHjjO^N, is a crystalline alkaloid occurring together 
with atropine and hyoscine in Datura meteloides. It forms tabular 
needles, m. p. 141-142°, readily soluble in alcohol, acetone or chloro- 
form and somewhat sparingly so in water or ether. It forms a crystal- 
line hydrobromide, B,HBr,2H20, m. p. 250°, and an aurichloride, 
B,HAuCl4,iH.O, m. p. 149-150°. On hydrolysis it yields tiglic 
acid and teloidine. 


ARTIFICIAL TROPEINES. 


It has already been stated that atropine and atropamine may be 
synthesised by the interaction of tropine and the respective acid — 
tropic or atropic. Ladenburg* and later Petit and Polonovsky/ 
Merck,® Jowett® and many others have prepared a large number of 
esters of tropine with various organic acids, giving rise to an extensive 
series of tropeines. Many of these tropeines possess mydriatic proper- 
ties, and one of them — ^homatropine — is widely employed in ophthal- 
mic surgery; others are quite devoid of mydriatic action. 

It was at one time held that for a tropeine to have mydriatic proper- 
ties, it must contain a benzene residue and an aliphatic hydroxyl in the 
side chain containing the carboxyl group. This generalisation, the 
origin of which has been incorrectly ascribed to Ladenburg, has been 
shown to be inaccurate.^ 

A few of the more interesting artificial tropeines are enumerated 
below: 

Benzoyl tropeine, CJI^COO.CgHi^N, m. p. 42°, 

Salicyl tropeine, CeH4(OH).COO.C8Hi^N, m. p. 58-60°, and 

Clnnamyl tropeine, C9H5CH = CH.COO.C8H,4N, m. p. 36-37°, 
are all crystalline bases having poisonous properties but possessing 
bttle or no mydriatic action. 


\J- Pr, Chtm., 1901 [it], 64, 374. 
l^man and Roynolda, Trans., 1908, 9J, 2077. 
Ber 1880, 13, 106, 1080; 1882, I5i *o 3 S. 

\J. Pharm., 1894 [v], a8, 539- 
B«r. u. d.Jahr., 1894, 7- 
Trans., 1906, 89, 357: 1907. 9*. 9»- 
' Jowext and Pyman, Trans., 1909. 95» Joao. 
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Atrolactyl tropeine, CeH,*- C(CH3)(0H)- COO- m. p. 

74 - 75 °, and 

Atroglyceryl tropeine, C 3 H 3 -C(CH 30 H)( 0 H).C 00 C 3 nj,N, 
m. p. 124-125°, have well-marked mydriatic properties, but are inferior 
in this respect to homatropine. 

Homatropine, mandelyl tropeine, C3H5CH(OH).COO- CgH^.N, 
is a lower homologue of atropine in which the — CH^OH group is 
replaced by - OH. It is prepared by passing hydrogen chloride gas 
for 3-4 hours through a mixture of 7 parts of*tropine, 10 parts of 
mandelic acid, and 2 parts of water. Mandelic acid itself is pro- 
duced by the action of hydrochloric acid on amygdalin, the glucoside 
of almonds. It is the lower homologue of tropic acid and has the 
constitution of a phenyl-glycollic acid: 


COOH. 

c.h^ch/ 

OH. 

Mandelic acid. 


COOH. 

C.H.CH<( 

CH,OH. 

Tropic acid. 


Homatropine crystallises from dry ether in prisms, m. p. 99-100°. 
It is sparingly soluble in water but freely in ether and chloroform. It 
is also soluble in castor and olive oils, and such solutions are employed 
in ophthalmic surgery for instilling into the eye. 

Homatropine behaves like atropine with Gerrard’s test; but with 
Vitali’s test (page 306) it yields a yellow instead of a violet colouration. 
With picric add it yields a yellow predpitate which soon becomes 
crystalline. 

Homatropine resembles atropine and hyoscyamine in its general 
physiological effects, but is much less toxic and in small doses is a true 
hypnotic. It has a powerful mydriatic effect which is produced and 
passes off more rapidly than is the case with the natural tropeines. 

Homatropine hydrohromide, B,HBr, crystallises in non-deliques- 
cent flat rhombic prisms or plates which form wart-like aggregations, 
m. p. 212-214°. 

Homatropine hydrochloridey B,HCi, forms small prismatic crystals, 
m. p. 219-227°. 

Homatropine sulphate, B„H,SO„ crystallises in silky needles, 
m. p. 222-226°. 

Homatropine aurichloride, B,HAuCl4, forms yellow prisms, slightly 
soluble in water; it is precipitated first as an oil, subsequently be- 
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coming crystalline, when gold chloride is added to a solution of the 
hydrochloride. 

Homatropine methobromide, B,MeBr, forms glistening crystals, 

m. p. 192-196°. 


DETECTION AND ESTIMATION OF TROPEINES. 

Atropine and the allied bases present a close general resemblance 
alike in their physical, physiological and chemical characters. The 
following table shows the principal distinctions between the 3 most 
important alkaloids of this group. 



Atropine 

Hyoscyamine 

Hyoscine 

Appearance 

Lustrous needles or 
acicular prisms. 

Slender radiating nee- 
dles or crystalline 
powder. 

Oily, or rhombohed- 
ral hydrated crystals. 

M. p 

117-118® 

107® 

56757® 

Specific rotatory 
power. 

Inactive 

[oV in 50% ethyl 

“ alcohol. 

[ a]jj -28® in water. 

Characters of auri- 
cWoride. 

Precipitates as an oil 
which crystallises. 

M. p. 137 - 139 ^ 
Melts in boiling 
w|jter. 

Precipitates in crys- 
tals. M. p. 165®. 
Does not melt in 
boiling water. 

Yellow prisms, m. p. 
198-200®. 

Does not melt in 
boiling water. 

Auribromides 

Chocolate coloured 
prisms, m. p. of an- 
hydrous salt 13 o®. 

Deep red coloured 
ne^les. M. p. of an- 
hydrous salt 160®. 

Chocolate coloured 
prisms, m. p. 210®. 

Platinichlorides 

M. p. 197-aoo® 

M. p. 206® 

Amorphous. 

Picrates 

Rectangular plates, 
m. p. 175-176®. 

Crusts of needles, m. 
p. 165® or quadran- 
gular plates. 

Slender matted nee- 
dles, m. p. 180-181°. 

Basic product of hy- 
drolysis. 

j Tropine, m. p., 63®; 
b. p. 333®. 1 

Tropine. m. p. 63®; j Scopoline, m. p., 109- 
b. p. 233®. j no®: b. p., 241-243®. 


The reactions of these alkaloids with gold salts and with picric acid 
form the best distinctions between them. Atropine aurichloride is 
thrown down from dilute solutions as an amorphous or oily precipi- 
tate which gradually becomes crystalline. Under the microscope it 
appears in rosettes and other characteristic forms. It melts under 
hot water, and is deposited from its solution in boiling w^ater acidified 
with hydrochloric acid, as minute crystals, which are lustreless after 
firying and melt at 137-139°. Hyoscyamine aurichloride is precipi- 
tated in brilliant, irregular, golden-yellow scales, appearing under 
the microscope in quadratic forms. It retains its lustre when dry, 
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and melts at 165®. Hyoscine aurichloride crystallises in yellow 
prisms which melt at 198-200°, and are less soluble and less lustrous 
than the hyoscyamine salt. Homatropine aurichloride is at first 
oily, but soon crystallises in prismatic forms. 

Ladenburg employs the aurichlorides to separate the tropeines from 
each other. The atropine salt is the least soluble, and in fractional 
precipitation is thrown down first, while the hyoscyamine salt is the 
most readily soluble. The alkaloids may be recovered by decomposing 
the aurichlorides with hydrogen sulphide, adding ammonia to the 
filtrate, and agitating with chloroform or ether. 

The foregoing properties and reactions are almost the only ones 
affording fairly sharp distinctions between atropine and its allies. 
The following reactions are (when not otherwise stated) common to 
the 3 bases, and distinguish them from other alkaloids. 

a. By far the most delicate test for the tropeines and scopoleincs is 
their power of producing mydriasis or dilation of the pupil of the eye. 
Dilation from the application of a solution weaker than i in 500 causes 
little inconvenience to the human eye, but solutions far weaker produce 
the effect quite distinctly, and even powerfully. The eye of a young cat, 
dog, or rabbit may be employed for this purpose. In making such an 
experiment, an aqueous solution must be prepared either of the free all^a- 
loid or of its sulphate or acetate. The solutions should be neutral or only 
feebly alkaline, not strongly contaminated even with neutral salts, and 
not alcoholic. A drop or two of such a solution is placed by means of 
a pipette or glass rod on one of the eyes, and the size of the pupil com- 
pared with that of the other pupil from time to time. A solution 
1:40,000 produces an effect within i hour. E. R. Squibb {Ephe- 
meris, 2, 855) states that distinct mydriasis is produced by a solution of 
0.000000427 grm. of atropine sulphate in less than an hour. Dogs 
and cats are more sensitive to mydriasis than man and may serve well 
for the test. Such an intense effect is quite peculiar to the tropeines 
and scopoleincs (hyoscine is even more powerfully mydriatic), but 
more or less dilation of the pupil is also produced by cocaine and 
preparations of hemlock (coniine) and digitalis. Aconitine has a 
variable effect and nicotine is said first to dilate and then to contract tlie 
pupil. Certain ptomaines exert a mydriatic effect. 

b. Free atropine, as obtained by evaporating its chloroform or 
ethereal solution (after liberation of the alkaloid from one of its salts 
by ammonia), gives a red colour with phenolphthaleln. This reaction 
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is common to hyoscyamine and hyoscine, and is also produced by 
the artificial base homatropine, but is not given by any other alkaloid 
in common use (except, according to Plugge, the volatile bases coniine 
and nicotine). Fliickiger,^ who first observed the peculiar behaviour 
of the tropeines with phenolphthalein, recommends that a minute 
quantity of the alkaloid to be tested should be placed on phenolphtha- 
leiii paper, which is then wetted with strong alcohol. No colouration 
will be produced at first, but on allowing the alcohol to evaporate, and 
touching the alkaloid with a drop of water, a brilliant red colouration 
will appear. On adding alcohol the colour is destroyed, but appears 
again as the alcohol evaporates.^ 

c. When a solution of mercuric chloride in 50% alcohol is cautiously 
added to free atropipe (as obtained by evaporation of a chloroform 
solution after liberation of the alkaloid by ammonia, avoiding excess), 
a red precipitate is produced. A. W. Gerrard,® who first described 
this reaction, states that the precipitate consists of mercuric oxide 
(with a trace of mercurous oxide), and expresses the action by the 
following equation: 2Ci7li3303N+HgCl3 4-H20=Hg0+ 2CJ7H23- 
OgNjHCl. The atropine hydrochloride reacts with an additional 
quantity of mercuric chloride to form the double chloride B,HCl,2Hg- 
Clj, which separates in crystalline tufts when the liquid is allowed to 
stand for a few hours. In a later paper* Gerrard modified and 
more precisely defined the method of making the test as follows: 
o.i grain of the free alkaloid (extracted from a salt by ammonia and 
chloroform) is placed on a watch-glass or in a test-tube, and 20 minims 
of a 2 % solution of mercuric chloride in proof-spirit gradually added. 
A red colouration is yielded at once by atropine. Hyoscyamine at 
first becomes yellow, then darkens a little, and finally, on heating, a 
well-marked red precipitate is formed. If a large excess of hyoscya- 
mine be used, merely a yellow precipitate is formed, while with a large 
excess of the reagent no precipitation occurs. Homatropine also 
yields a red precipitate under the conditions of the test; but hyoscine 
gives neither a red nor a yellow colouration or precipitate, and hence 
IS sharply distinguished from the others. Gerrard found no red or 
yellow precipitate to be produced by strychnine, brucine, morphine, 
codeine, veratrine, aconitine, coniine, gelsemine, caffeine, cinchonine^ 


PhartH., 1884. aa: 
behaviour is peci 
in alcoholic solution. 
JPWw.y 1884 r»m 14 
Pftarm.J., 1891 [tit], ai 

VoL. Vl.-ao 


Alkali hydroxides react perfectly with phenolphthalein 
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cinchonidine, quinine or quinidine; though most of these substances 
gave white precipitates which, in the cases of codeine and morphine 
became pale yellow on heating. This behaviour has been conhrmcd 
by Schweissinger, ^ who also states that with mercuric chloride cocaine 
gives a white precipitate (only appearing in strong solutions and 
soluble on warming), w'hile strychnine, caffeine, and sparteine are 
stated to yield no reaction. Schweissinger suggests that the test might 
be made quantitative for atropine by determining the mercuric oxide 
precipitated; but this would only be possible in the absence of alkaloids, 
glucosides, or other substances giving precipitates of any kind with 
mercuric chloride. The value of Gerrard’s test has also been con- 
firmed by Fluckiger,^ who found cocaine to give a pure white precipi- 
tate which very soon turned red. 

d. Gerrard^ has also observed the liberation of mercurous oxide 
from calomel and other mercurous salts by the action of atropine. If 
atropine be dissolved in alcohol and 4 volumes of water added, the 
solution will immediately precipitate black mercurous oxide from a 
solution of mercuous nitrate free from excess of acid. This is best 
prepared by adding sodium hydroxide, drop by drop, to a solution of 
mercurous nitrate until a slight permanent precipitate is produced, 
and then filtering. 

e. D. Vitali^ has observed that if a minute quantity of solid atropine 
be treated with a drop of fuming nitrib acid, the liquid evaporated at 
100° and the residue when cool touched with a drop of freshly pre- 
pared solution of potassium hydroxide in absolute alcohol, a mag- 
nificent violet colouration is produced, which slowly changes to dark 
red and ultimately disappears, but can be reproduced by adding more 
alcoholic potassium hydroxide. The violet colouration is almost 
peculiar to atropine, hyoscyamine and hyoscine, and is said to be pro- 
duced by 0.0001 mgrm. of the alkaloid. Out of 60 alkaloids examined, 
no other was found to give a violet colouration. The colouration is not 
produced if aqueous potassium hydroxide be substituted for the alco- 
holic solution. Strychnine gives a yellow passing into a reddish-violet 
colour, brucine a greenish, and homatropine a yellow colour when 
similarly treated. Arnold® modifies the test by moistening the alkaloid 
with strong, cold sulphuric acid, and then adding a fragment of sodium 

* Arch. Pharm., 1884 [m*], aa, 857. 

^Pharm.J., 1886 (ml, 16, 601. 

* Pharm. 1886 fml, 16, 76a. 

*Pharm.l., 1881 [m], xa, 459- 
^Arch. Pharm., 1882, 20, 564. 
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nitrite. With atropine a yellow colour is produced which, on applying 
alcoholic potassium hydroxide, changes to a reddish-violet and then to 
pale rose. Strychnine, veratrine and pscudaconitine give somewhat 
similar colours, and homatropine behaves like atropine. Alkaloids 
which yield strong colourations before the application of the alcoholic 
potassium hydroxide (e. g., morphine, narcotine, narceine) render the 
test inapplicable. Fliickiger^ recommends that o. 001 grm. of atropine 
and about the same quantity of sodium nitrate should be rubbed together 
with a glass rod, the end of which has been moistened with a very little 
concentrated sulphuric acid. A saturated .solution of sodium hydrox- 
ide in absolute alcohol is then added drop by drop; when in presence 
of atropine a red or violet colour will be produced. When sodium 
nitrite is substituted for the nitrate in the above test, an orange mixture 
is obtained, which, on dilution with a .strong aqueous solution of 
sodium hydroxide, turns in succession to red, violet and lilac. 

K. Beckmann^ has pointed out that veratrine behaves somewhat 
similarly to atropine with Vitali’s test, but states that with nitrous acid 
or a nitrite instead of a nitric acid, and aqueous instead of alcoholic 
potassium hydroxide, atropine gives a reddish-violet colouration and 
veratrine a yellow one. 

f. When atropine is heated to^the b. p. with a mixture of equal 
volumes of glacial acetic and strong sulphuric acids, no colouration 
is at first produced; but after a time the liquid exhibits a well-marked 
yellowish or brownish-green fluorescence. After cooling, the liquid 
has a pleasant aromatic odour in addition to that of acetic acid. The 
behaviour of other tropeincs with this test, which is due to E. Beck- 
mann, docs not appear to have been recorded. Veratrine gives a simi- 
lar brownish fluorescent liquid, but during the previous heating the 
solution acquires an inten.se cherry-red colour. 

g- If a small quantity of atropine be evaporated with sulphuric 
acid and gently heated it gives a pleasant odour resembling orange- 
hower, which changes to that of hawthorn or bitter almonds when a 
crystal of potassium dichromate or permanganate is added. 

b* A saturated solution of bromine in hydrobromic acid gives with 
atropine, hyoscyaminc and their salts, even in very dilute solutions 
(1:10,000), a yellow amorphous precipitate which in a short time 
becomes crystalline. The precipitate from somewhat strong solutions 
the alkaloid disappears after a time, but is immediately reproduced 

Arch. Pharm., 1886 tml 24, 481. 
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on adding more of the reagent. The precipitate is insoluble in acetic 
acid, and only very sparingly soluble in a large excess of the mineral 
acids or fixed alkali hydroxides. It is even produced from a solution 
of atropine in concentrated sulphuric acid. The microscopic appear- 
ance of the precipitate exhibits under a magnifying power of 75 to 125 
diameters bunches of needles or lanceolate, leaf -like crystals, grouped 
together like the petals of a flower. These forms may be obtained i)y 
the spontaneous evaporation of a drop of liquid containing only 
1/25,000 grain of atropine. If not produced, a drop of water should 
be added and evaporation repeated. T. G. Wormley, who is the 
observer of the reaction, finds that most alkaloids give amorphous 
yellow precipitates with the reagent, but he considers the formation of 
crystals quite characteristic of atropine or hyoscyamine. He points 
out, however, that when the reagent is added to a syrupy solution of 
hyoscine, reddish -yellow globules result, which crystallise later, hut 
that no crystals are formed in solutions of 1:100 or of greater dilution. 
(Apter. 7 , Pharni,, 1894, 66, 513). 

These statements require modification. Hyoscine and f-scopolam- 
ine give with Wormley’s reagent, tabular crystals often arranged in 
leaf -like rosettes, even in dilutions of i :2,ooo; and crystals are also given 
by homatropine and caffeine. Exciting at great dilutions the freshly 
formed precipitate obtained with atropine hyoscyamine, hyoscine or 
i-scopolamine is amorphous but rapidly crystallises, especially if 
stirred with a glass rod, that obtained with hyoscine or z-scopohim 
ine, however, usually takes a few seconds longer to crystallise, Inu 
the difference in the time taken cannot be utilised as a means of 
identification. 

This test cannot, therefore, as has been stated, be relied upon to 
distinguish hyoscine from other vegetable mydriatic alkaloids. 

The most characteristic differences between the precipitates obtained 
with hyoscine, atropine and hyoscyamine lie in their solubilities, that 
of hyoscine being the greatest — only a slight cloudiness is produced m 
solutions of 1:5,000, whereas atropine and hyoscyamine give a distinct 
precipitate in solutions of 1:10,000. 

In the case of H. H. Crippen, who was charged with the murder of 
his wife in London, and convicted in October, 1910, evidence as to 
finding 2/ 5-grain of hyoscine hydrobromide in the body was submitted- 
The identification of the alkaloid depended upon the following facts: 
I. The alkaloid produced mydriasis. 2. It gave the Vitali test and 
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was hence a vegetable mydriatic alkaloid. 3. The alkaloid was 
gummy and did not crystallise. 4. With the Wormley test gummy 
spheres and no crystals were obtained. 

The fact that gummy spheres were obtained with the Wormley test 
was mainly depended upon to distinguish hyoscine from other vege- 
table mydriatic alkaloids. 

i. Marm^’s reagent, made by dissolving 10 grm. of potassium 
iodide and 5 grm. cadmium sulphide in 100 c.c. of water, gives char- 
acteristic crystalline compounds with hyoscyamine and atropine when 
added drop by drop to solutions of the alkaloids in dilute sulphuric 
acid. The crystalline forms of the hyoscyamine and atropine com- 
pounds are quite distinctive. 

j. Mayer’s reagent, potassio-iodide of bismuth, phosphomolybdic 
and phosphotungstic acid precipitate atropine hyoscyamine and the 
allied alkaloids from somewhat dilute solutions, and may be of service 
for separating traces of them from other organic matter. 

The reactions of atropine and its isomers with other reagents are 
not characteristic. Potassium thiocyanate, ferrocyanide, ferricyanide 
and chromate fail to precipitate even concentrated solutions of these 
alkaloids. 

In testing substances suspected of containing these alkaloids it should 
be borne in mind that atropine and its allies are not removed from 
acidified solutions by agitation with immiscible solvents. From solu- 
tions rendered alkaline by ammonia or an excess of alkali-metal car- 
bonate, they are readily and completely extracted by chloroform, and 
with less facility by ether. The separated solution may be evaporated, 
and the residue dried without loss at 100®. The bases thus isolated 
arc distinguished from all otlier well-known alkaloids by their power of 
producing mydriasis, reddening phenolphthalein (test b), and (with 
the exception of hyoscine) giving a red precipitate when warmed with 
an alcoholic solution of mercuric chloride (test c). Nevertheless, 
where sufficient material is available the m. p. and crystalline form of 
the alkaloids and the aurichlorides, auribromides and picrates afford 
the most satisfactory and conclusive evidence as to their identity. 

TOXICOLOGICAL DETECTION OF ATROPINE AND 
ITS ALLIES. 

Atropine, hyoscyamine and hyoscine are all highly poisonous. 
Cases of poisoning by the pure alkaloids are rare, but both criminal 
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and accidental poisoning by the plants of which they are the active 
principles have been frequent; and, in India, poisoning by various 
species of datura is very common and has achieved the position of a 
profession. 

The symptoms of poisoning by atropine and its allies are thus 
described by A. Swaine Taylor: Heat and dryness of the mouth and 
throat, nausea, vomiting, giddiness, indistinct or double vision, delirium, 
great excitement and restlessness, convulsions followed by drowsiness, 
stupor, and lethargy. ^ The pupils are much dilated and the eyes insen- 
sible to light. Occasionally the pupils are contracted during sleep, 
although dilated in the waking state. The symptoms often come on 
very soon after taking the poison, while recovery may be delayed for 
several days or even a week. The symptoms of poisoning by datura 
are very similar to those produced by belladonna and hyoscyamus, 
but more severe. Ringing in the ears, dryness of the throat, and 
flushed face are early symptoms. Delirium of a violent kind, with 
spectral illusions, come on rapidly and the pupils are widely dilated. 
There is often paralysis of the lower extremities. 

The postmortem indications of poisoning by atropine and its 
isomers are not characteristic, except that the pupils are dilated. The 
brain and its membranes are found congested. Where solid parts of 
a solanaceous plant have been eaten the fragments may often be 
found in the stomach, and identified by their botanical and microscopic 
characters. 

In the case of a child who died of atropine poisoning Solstein^ was 
unable to detect the alkaloid in the liver, kidneys or viscera, but ob- 
tained a trace from the urine which gave a good mydriatic effect but 
no reaction with Vitali’s test. 

The detection of atropine and its isomers in cases of poisoning may 
be effected by the Stas- Otto process. Heating with alkalies or mineral 
acids must be avoided, or the alkaloid may undergo hydrolysis (page 
291). Hence tartaric or acetic acid should be used to acidify the 
matters to be examined. Ammonia or a carbonate of an alkali-mctal 
should be used to liberate the alkaloid, and ether or (preferably) 
chloroform employed for its extraction. 

In extracting animal matter suspected of containing these alkaloids, 

'The lymptoms of atropine poisoning, especially In children, are not unlike those of 
•carlet fever. Some cases resemble rabies, and the garrulous delirium and hidlucinations 
of an adult are very similar to those of delirium tremeiu. 
l.Chtm., 1897, 3. *15. 



PLANTS YIELDING MYDRIATIC ALKALOIDS. 


it has been recommended that they should be acidified with tartaric 
acid, dried and extracted with chloroform. The most suitable tests 
for the recognition of atropine and its allies are detailed above 
(page 304). 

Atropine does not appear to suffer rapid change in the body after 
death. It has been detected after a considerable interval of time. 
Ptomaines have been found which exert mydriatic action. 

PLANTS YIELDING MYDRIATIC ALKALOIDS. 

Atropa belladonna, or deadly nightshade,^ Scopolia camiolica, 
Hyoscyamus niger, or henbane,^ Hyoscyamus muticus and Datura 
Stramonium or thorn-apple,* are the chief sources of the tropeines; but 
these or similar alkaloids are found in a number of allied species. A 
minute proportion of hyoscyamine has been found in lettuce by T. S. 
Dymond,* and Wright® states that Lactuca muralis contains a minute 
proportion of a mydriatic alkaloid. 


In addition to the alkaloids, which are probably in combination 
with malic acid, belladonna root contains cellulose, starch, sugar, 
inulin, asparagin, fatty matter, a fluorescent substance® and a red 
colouring matter called atrosin, which is also found in considerable 
quantity in the berries. The proportion of starch in young belladonna 
roots is considerable, but it is present only to a limited extent in older 
and more woody roots, and, according to W. Merz, is almost entirely 
absent during summer. The following analyses of air-dry belladonna 
roots are due to E. M. Holmes: 

‘ French, la Belladone. la Morclle furieuse; German, ToUkirsche, Wolfsldrsche, Tollkraut. 

* French, la Jusquiame, German, Bilsenkraut. 

*hrench, Stramoine; German, Stechapfel, 

I / roc., 1891, 6, 165. 

• rharm. J., 1905, 74, 549. 

' The fluorescent substance contained in belladonna root, and present also in the leaves 
and stalk, is called by H. Kuns (Arch. Pharm., 1885 (ml. *3# 7aa) chrysatropic acid, and 
js said to have the formula CnHioOs. H. Paschkis (Arch. Pharm., 1885 a 3 » .S 4 * ; 1886 

^4* tS5) has isolated what is apparently the same substance from the berries of ripe 
wlladonna, and ascribes to it the formula C10H1O4. He considers it identical with the scopo- 
letin obtained by Eykman from Scopolia japonica. It forms pale yellow rhombic prisms or 
"?edles, m. p. 1 98-301**, and subliming without decomposition when carefully heated. It 
pissolves in about 80 parts of hot water, more sparingly in cold water and ether, but readily 
acetic acid, alcohol, chloroform, amyl alcohol and bensene. It is extracted by the last 
3 solvents from its aqueous solution. The aqueous, alcoholic and ammoniacal solutions 
Tk a splendid fluorescence blue when dilute, and emerald-green when concentrated. 
3 ne fluorescence is destroyed by acids. Ferric chloride gives an emerald-green colouration 
ctianging to cobalt-blue. Fehltng’s solution and ammonio-nitrate of silver are reduced on 
warming. In moderately concentrated nitric acid the substance dissolves with yellow colour, 
^aanged to blood-red by ammonia. (This reaction resembles that of aesculin, observed by 
^onnenschein.) 

ao ♦ “ol*ted chrysatropic acid by treating the extract of 
«ther. On evaporating the ether, and washing 
I.,? ^‘her, chrysatropic acid remained, while leuco-tropic acid 
^'^r 18 a bitter substance, crystallising in microscopic prisms, 


belladonna with add and 
the ciystalline residue with 
, CitHiiOi, dissolved. TTia 
m. p. 74 *. 
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j Woody roots 

j Soft roots 


% 

% 

Moisture 

7.94 

10. a 8 

Soluble ash 

3-43 

a. ao 

Insoluble ash 

4.69 

3.68 

Alcoholic extract 

33.53 

39.87 

Aqueous extract 

JS -96 

1 

10.50 


Belladonna leaves contain cellulose, chlorophyll, alkaloidal salts, 
fatty and resinous matters, etc. Choline is present, and, according to 
Biltz, asparagin sometimes crystallises from the extract after long 
keeping, but the crystals observed by Attfield consisted of potassium 
nitrate and chloride. By dialysis, Attfield isolated potassium nitrate 
and square prisms of an organic salt of magnesium. Kunz found 
0.6% of succinic acid in an extract prepared from the herbaceous parts 
of belladonna. Fluckiger found the ash of dry belladonna leaves to 
amount to 14.5% and to consist chiefly of the carbonates of calcium 
and the alkali-metals. 

With regard to the alkaloids of belladonna; they consist principally 
of hyoscyamine and atropine, though a small proportion of hyoscine 
is also present. Since hyoscyamine is readily converted to atropine 
in the process of extraction, no great reliance can be placed on the 
statements made by earlier workers as to the proportions of these two 
alkaloids present in different parts of the plant and at different seasons; 
but a large proportion of hyoscyamine occurs in all cases. Schiitte* 
has shown that young roots contain only hyoscyamine and older ones 
a small proportion of atropine. 

As the result of published investigations it may be concluded that 
belladonna roots and leaves of average quality contain o,^% total 
alkaloid. 

The following figures give the percentages observed in the dried 
roots and leaves by various workers: 

! Percentage of total alkaloid 


1 From 0.4a to 0.86 

I From 0.64 . . ■ • 

From o. a I 0.4S 

From 0.53 

' From 0.66 0.67 

Fromo.aS 0.6a 
From 0.51 0.86 

From 0.45 0.46 

From 0.31 0.64 

From 0.39 0.5s 


Dried Root!. 

Lyons 

Kordes 

Gerrard 

Bryant 

Keller 

Gadd 

Caesar and Loretz. 

Barclay 

Parr and Wright — 
Carr and Reynolds. . 


^ Arch. Pharm., 189a, 339, 493. 
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Percentage of total alkaloid 


Dried Leaves. 

Lefort 

Dragendorf 

Schmidt 

Lyons 

Gerrard 

Kordes 

Gunther 

Farr and Wright.. 

Beckurts 

Carr and Reynolds 


From 0.436 
From 0.66 

From 0.26 Cultivated. 
From 0.40 Wild. 

From 0.23 to 0.87 

From 0,22 0.58 

From 0.64 

From 0.84 

From 0.55 

From 0.2 0.6 

From 0.23 1.08 


* According to the results of certain investigators the plant produces 
more alkaloid under cultivation than when wild, but just the reverse 
has been observed by others. These discrepant results are no doubt 
e.xplaincd by the observations of recent workers that different seasonal 
conditions, differences of soil and the different ages of the plant con- 
siderably modify the amount of alkaloid contained in it. J. Rippetoe* 
has shown that the dried leaves of first and second yearns plants con- 
tained respectively 0.32% and 0.68%. Carr and Reynolds^ have 
shown that dried leaves and stems grown on the same plot in 3 success- 
ive years contained 0.38%, 0.66% and 0.33%. Chevalier^ has shown 
that nitrogenous manures have the effect of increasing the percentage 
of total alkaloids while other manures have very little effect. 

J. Henderson* has obsen'ed that imported roots often contain very 
small percentages of alkaloid and that handsome starchy roots are 
frequently deficient in alkaloid. 

Gunther found that the dried fruit contained 0.82% of alkaloid, 
while the unripe fruit contained rather more, viz. 0.95%; and this obser- 
vation has been confirmed by Williams.® 

Both the leaves and roots of Phytolacca decandra have been employed 
in adulterating belladonna, which they superficially resemble. Accord- 
ing to Holmes the leaves arc to be recognised by their upper surface 
being without hairs, the epidermal cells being polygonal and the stomata 
elliptical; whereas belladonna leaves have hairs on the upper surface, 
irregular epidermal cells and round stomata. The roots resemble 
belladonna in colour and in appearance but are readily distinguished 
irom the latter by their concentric rings of woody tissue and by 


l^^ J.Pharm., 1907 . 79f 5*3. 
PAarm. L, ,no8, 80, S4a. 

Rtnd ., 1910, 150, 344. 
PJarm. 190s. 75 . i9i. 
Pharm.J., 1909, 83, 493. 
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separation of these rings into fibrous laminaj when the root is broken. 
No standard of alkaloidal content for belladonna leaves or root is 
imposed by the British Pharmucop(ria, but that of the United States 
imposes one for both the dried leaves and roots. The German and 
Swiss Pharmacopoeias require wild plants only to be employed. In 
both the British and United States Pharmacopoeias galenical prepara- 
tions are standardised. 

The following table summarises the standards adopted by these two 
pharmacopoeias. 



Total alkaloid * 

Galenical preparation 

B. P., 1898 

U. S. P., 8th rev. 



0.1%. 



Belladonna leaves, tincture of 


0.035% w/v. 

Belladonna leaves, green ext 


Belladonna root 

No standard 

0.45%. 

Rplladonna root, liq. extract of 

o- 75% w/v 

0.4% w/v. 

Belladonna root, tincture 

0.05% w/v 

Belladonna root, alcoholic ext 

1 .0% 


Belladonna plaster 

'0:5%::....::;: ; 

0 . 4 %. 

0.38% (about). 

Belladonna liniment 

1 0.375% w/v 




The green extract of the British Pharmacopoeia contains on an 
average i% of total alkaloid, but has been shown to vary very con- 
siderably. Naylor and Bryant found as little as 0.55% in one sample 
and as much as 1.80% in another. 

For the assay of belladonna root, Dunstan and Ransom' recom- 
mend extraction in the following manner: 20 grm. of the dry and finely- 
powdered root are extracted by hot percolation with a mixture of equal 
volumes of chloroform and absolute alcohol. If an extraction 
apparatus be used about 60 c.c. of the mixture will be required. The 
solution is agitated with 2 successive quantities of 25 c.c. of distilled 
water, adding a small quantity of dilute sulphuric acid. The separa- 
tion of the aqueous liquid from the chloroform occurs promptly and 
completely on warming the liquid slightly. The chloroform retains 
nearly the whole of the colouring-matter, while the alcohol and alka- 
loids (as salts) pass into the water. The aqueous layer is separated, 
and agitated once with chloroform to remove the last traces of colouring 
matter; after which it is rendered alkaline with ammonia, and agitated 
twice with chloroform, using 25 c.c. each time, to extract the alkaloid. 
The separated chloroform is agitated once with water rendered faintly 

^Fharm.J., *884 lUi], 14. 6*3. 
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alkaline with ammonia, and then evaporated, the residue being dried 
at 100° till constant in weight. The alkaloid thus isolated is obtained 
as a perfectly transparent fused mass. 

Alcohol alone may be used for the extraction, but dissolves more 
extractive which impedes the subsequent extraction with chloroform. 

A modification of this method may also be used for the assay of ga- 
lenical preparations of belladonna. The method of procedure should 
be as follows: a quantity of the preparation equivalent to about 20 grm. 
of the root or leaves is employed (i. e., 10 grm. of soft extract, 15 c.c. 
of liquid extract and 200 c.c. of tincture). To the soft extract 10 c.c. 
of water are added, the tincture is gently concentrated to about 20 c.c. 
and the liquid extract may be taken as it is. After transferring to a 
separating funnel, a small, though a decided, excess of dilute ammonia 
solution is added, then 30 c.c. of chloroform, and after shaking and 
separating it is again extracted with 2 successive quantities of 20 
c.c. of chloroform. If much trouble with emulsification is encountered 
it may be necessary to add a little alcohol and to give it further shakings 
with chloroform. The alkaloid contained in the mixed chloroform 
solution is extracted by shaking with 20 c.c. of 2% sulphuric acid 
and separating and again rinsing twice with water. The acid solution 
is now rendered alkaline with ammonia and completely extracted with 
chloroform, and the chloroformic extract, after rinsing, is evaporated, 
dried and weighed; it should be crystalline. It is then dissolved in 
Nj 10 sulphuric acid and titrated back with NJ 100 sodium carbonate, 
using hasmatoxylin or cochineal as indicator. 

Belladonna plaster, British Pharmacopma^ is prepared from 
the “liquid extract*’ of the root and contains lead oleate, soapj resin 
and other ingredients, which render the assay somewhat troublesome 
to carry out. The following process, based on that recommended by 
Bird,^ obviates these difficulties: 15 grm. of the plaster are dissolved 
with gentle heat in a mixture of 35 c.c. of chloroform and 5 c.c. of 
glacial acetic acid; 70 c.c. of 4% sulphuric acid are added and the 
unxture warmed and stirred. It is filtered under pressure and the 
cake of lead sulphate disintegrated and warmed with a mixture of 
chloroform 10 c.c. and 4% sulphuric acid 10 c.c. and again filtered; 
iBe chloroform layer is separated from the mixed filtrates and washed 
twice with 5 c.c. of 4% sulphuric acid. The mixed aqueous portions 
then rendered alkaline with ammonia and extracted with chloro- 

^ Analyst, 1899. 24* i75. 
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form and again shaken into acid and back into chloroform, proceeding 
as in the assay of other belladonna preparations. 

Belladonna plaster, United States Pharmacopoeia, is prepared 
from extract of belladonna leaves and contains rubber, hard paraffin 
and lead oleate. The method of assay laid down by the United 
States Pharmacopoeia is shortly as follows: 

10 grm. of the plaster, 50 c.c. of chloroform and 3 c.c. ammonia 
water are macerated together, the liquid is poured off and the cloth 
washed with a mixture of 25 c.c. of chloroform and i c.c. of ammonia 
solution, this operation being repeated if necessary. The cloth is 
dried and weighed and this weight deducted from that originally taken. 
To the chloroform solution four-fifths of its volume of 95% alcohol is 
added, and the rubber allowed to separate. The supematent liquid is 
extracted with 20 c.c. of a mixture of 40 c.c. sulphuric acid and 60 c.c. 
of water; and this is repeated, using 10 c.c. of the mixture, until all the 
alkaloid is extracted. The combined acid extract is rendered alkaline 
with ammonia and completely extracted with chloroform, the chloro- 
form evaporated and the residue titrated. 

Many small modifications of the method of assaying belladonna and 
its preparations (designed principally to obviate emulsification in the 
first stages of extraction) have been proposed, see: 

H. VV. and S. C. Gadd {Pharm, Jour., 1905, 75, 438). 

Rupp {Pharm. Zeit., 1908, 53, 737). , 

Naylor {Pharm. Jour., 1907, 78, 393). 

Lyons {PJtarm. Rev., 1908, 22). 

. HYOSCYAMUS. 

The flowering tops and leaves of Hyoscyamus niger or henbane con- 
tain principally hyoscyamine, probably some atropine, and certainly 
some hyoscine. 

The amount of alkaloid present in different samples has been shown 
to vary considerably, the following results having been recorded for the 
analyses of dried leaves and tops: 

Hyoscyamus Leaves and Tops. 

Schmidt 0.286% 

Kordes o. 15% 

Dohme 0'i73% 

Beckurt 0.089% 
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Gerrard 0.065% 

Parke, Davis & Co 0.073% to o. 13% 

Barclay 0.09% 

Umney 0.07% to 0.1% 

Carr & Reynolds 0.06% to 0.21% 

Farr & Wright 0.064% to o. 12% 

The British and United States Pharmacopoeias require that second 
year’s leaves and tops alone should be employed, but it has been 
shown ^ that first and second year’s leaves grown in the same locality 
contain the same amount of alkaloid. 

A. W. Gerrard^ has employed substantially the same process as the 
above for the assay of belladonna for the root and leaves of henbane. 
The substance is dried at 100°, powdered and exhausted with proof- 
spirit. The spirit is distilled off, and the semi-fluid extract treated 
with water containing i per 1,000 of hydrochloric acid, filtered, and the 
filtrate further diluted to 100 c.c. The alkaloids are extracted by 
ammonia and chloroform in the usual way, purified by solution in 
ether, and agitated with hydrochloric acid; again liberated by ammonia, 
extracted by ether, and determined in the alkaloidal residue by titration 
with iV/ 10 hydrochloric acid. 

The following results are recorded: 


Variety of 
henbane 

Part used 

Where grown 




Biennial 



Biennial 



Biennial 






Biennial 



Biennial 

Second year's leaf 

Middlesex 

Biennial 

Second year's leaf 

Sussex 

Biennial... 

1 Second year's leaf 

Lincolnshire 

Annual 

Leaves and tops 

Leicestershire 

Annual 

I.eAv<»A and tops 

Surrey 

Annual 

I.RAVP4 and tops 

Middlesex 

Annual. . 

Rntif^ yiprh 

Germany 

Biennial 

First year's leaves. 

Prance 

Biennial 

First year's leaver (old) 

Rhgland 

Biennial 

Second year's tops (old) 

England j 





Yield of 

alkaloids per i,ooo 


1 .60a 
1-550 
1.729 
0.690 
0.667 
0 . 59 * 
0,67a 
0.680 
0.656 
0.641 

0.689 
0.701 
0.295 
o . .^98 
0.390 
0.451 


Gerrard considers that bright-coloured, well-preserved henbane, 

whether annual or biennial, can be relied on to yield good preparations, 

while old and dark-coloured leaves, containing stalks and fruit, should 

t ^nd Reynolds, Pharm.J., 1908, 80, 54*. 

1890 [m], 31, aia; 1891 [mji *13. 
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be avoided. He regards the first year’s root of biennial Hyoscyamus 
niger as much richer in alkaloids than the herbaceous portions of the 
plant, but both as much poorer than the respective parts of belladonna. 
These conclusions are in opposition to the experience of E. Thorcy 
(Dragendorfl’s Quelques Drogues Actives), who found henbane to con- 
tain alkaloid in greatest quantity in the leaves, next in the fruit, then 
in the roots, and lastly in the stalk. 

Ransom found 0.058% of alkaloid in the seeds of biennial henbane 
grown at Hitchin; but a sample of seeds examined by Farr and Wright 
contained 0.12% of alkaloid. 

No standard of alkaloidal content is required by the British Pharma- 
copoeia in hyoscyamus or in any of its preparations. A good British 
Phartnacoperia extract should contain 0.2% and a good tincture 0.01% 
w/v of alkaloid. The United States Pharmacopeia (8th Rev.) adopts 
the following standards: 

Leaves and flowering tops not less than. . 0.08% 

Liquid extract o*o75% w/v. 

Tincture 0.007% w/v. 

Extract o- 3 %- 

The Swiss Pharmacopoeia requires that the leaves should contain 
0.1% of alkaloid. 

The method of assaying hyoscyamus and its preparations is substan- 
tially the same as that described above for belladonna; alx)Ut 5 times 
as much of the leaves or preparation should, however, be employed 
on account of the smaller proportion of alkaloid present. 

Hyoscyamus albus, a closely allied plant, contains about the same 
percentage of alkaloid as Hyoscyamus niger. Though it is not officially 
recognised by the pharmacopoeias of Great Britain or the United 
States, the French Codex allows H. niger or H. albus to be employed 
indiscriminately, and the latter variety is actually much used in the 
south of Europe. 

Hyoscyamus muticus is a species of henbane growing in certain 
districts from Egypt to India, where it is employed medicinally. Hun- 
Stan and Brown ‘ found the dried stem and leaf of the plant grown in 
India to contain 0.1% of mydriatic alkaloid, while that grown in 
Egypt was shown to contain 0.59%. Gadamer found even more in 
the Egyptian plant, namely, 1.34% in the seeds and capsules, 1.39% 


* Trans*, 1 S 99 , 75i 7»: *9o*i 79* 7*. 
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in the leaves and 0.57% in the stem. The alkaloid consists almost 
entirely of hyoscyamine. 


DATURA. 

The alkaloids of Datura Stramonium consist of hyoscyamine, atropine 
and hyoscine. The amount found in the dried leaves varies from 
0.12% to 0.35% and that in the seeds from 0.16% to 0.37%, while an 
analysis of the dried roots gave 0.15%. The dried leaves from India 
were found to contain 0.26%. 

From stramonium seeds Hartz‘ obtained 0.167% of alkaloid by 
extracting the fat from the dried substance by petroleum spirit, then 
removing the alkaloid with proof-spirit, and proceeding in the usual 
way. Farr and Wright found from 0.16 to 0.24% of alkaloid in 
stramonium seeds. E. Schmidt found, in 4 samples of stramonium 
Ked from different sources, 0.25, 0.37, 0.05, and 0.20% of total alkaloids. 
From 50 to 70% of these consisted of pure atropine melting at 115®. 
The remainder, which were more difficult to crystallise, consisted of 
hyoscyamine, and probably other bases and their decomposition- 
products. But the relative proportions of the alkaloids are probably 
very variable, as Ladenburg found hyoscyamine to preponderate and 
Schutte found that both fresh and old stramonium seeds yielded 
chiefly hyoscyamine, with small quantities of ready-formed atropine 
and scopolamine. A. B. Lyons {Manual of Pharmaceutical Assaying) 
found in 5 specimens of 'stramonium seeds proportions of alkaloid 
(titrated by Mayer's solution) ranging from 0.45 to 0.55%, the extract- 
ive matter yielded to strong alcohol by the same samples varying from 
3-3 lo 7 -S%- In eight samples of stramonium leaves^ Lyons found from 
0-40 to 0.52% of alkaloid (titrated), and from 19.5 to 25.3% of extract- 
ive matter yielded to spirit of 66%. Farr and Wright extracted from 
0-12 to 0.22% of alkaloid from stramonium leaves. 

The dried leaves and seeds of D. stramonium are employed for 
niaking tinctures and extracts, and are oflScially recognised in most 
pharmacopoeias. The British Pharmacopoeia requires no standard 
in either the drug or its preparations, but the United StcUes Pharma- 
^opxia requires the following: 


D. stramonium leaves 0 25% 

D. stramonium extract i . 0% 

1884 I 5 » aoj. 
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D. stramonium liquid extract 0.25 %w/v. 

D. stramonium tincture 0.025% Wv. 


Stramonium leaves form an important ingredient of smoking 
mixtures which are employed as a sedative in asthma. 

D. stramonium^ and its preparations may be assayed by the same 
method as that employed for belladonna. 

D. meteP contains about 0.5% of alkaloids, consisting mainly of 
hyoscine witli a small amount of atropine and hyoscyamine. 1 ), 
meleloides contains about 0.4% of alkaloids from which 0.13'^^^ of 
hyoscine, 0.03% of atropine and 0.07% of meteloidine have been 
obtained. D. arhorea contains both hyoscine and hyoscyamine. /), 
quercifolia contains 0.4% of total alkaloid consisting of hyoscine and 
hyoscyamine. 

The seeds of D. alba have been mistaken for those of capsicum, 
which they resemble in general appearance. They may be readily 
distinguished by their, faint, bitter taste and by the absence of the 
intense burning effect upon the tongue and lips which is such a char- 
acteristic property of capsicum. 

SCOPOLIA. 

The dry rhizome of Scopolina atropoides or Scopolia carniolica 
contains about 0.5% of mydriatic alkaloid consisting principally of 
hyoscyamine. Although it is not recognised by most pharmacopoeias 
it is official in those of the United States and Japan. The former of 
these requires that the rhizome should contain not less than 0.5 
total alkaloid. The same pharmacopoeia requires that the soft 
extract of scopolia should contain 2% of total alkaloid and the liquid 
extract 0.5%. 

The method of assay of Belladonna and its preparations, as described 
above, may be employed in the analysis of scopolia and its preparations, 

Andrews, Trans., 1911, 99. 1871. 

Schmidt, Arch. Pharm., 1905. 243, 309; 1910, 248* 641. 
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By SAMUEL P. SADTLER. 

Cocaine. Benzoyl methyl-ecgonine. Methyl benzoyl-ecgonine. 

c,.h.,o.n;«c.h,.n{“W 

Cocaine is the characteristic alkaloid of coca leaves, and of great 
medicinal value as a local anesthetic. It may be extracted from the 
plant by the usual processes with associated alkaloids, avoiding as 
much as possible treatment with acids and alkalies, as it undergoes 
hydrolysis with great facility with formation of objectionable decom- 
position-products, Instead of endeavoring to separate cocaine from 
accompanying ecgonine and other ecgonine derivatives, the crude 
extract is converted into ecgonine by hydrolysis, and then treated 
with benzoic anhydride and methyl iodide as referred to below or a 
similar method. 

The synthesis of cocaine was effected by Merck by heating together 
ecgonine, benzoic anhydride and methyl iodide to ioo° for lo hours 
m a sealed tube. The industrial production of cocaine from ecgonine 
has been effected and patented by Liebermann (page 337). 

Cocaine crystallises from a strong alcoholic solution in colourless 
monoclinic prisms, melting at 98®, and subliming with partial decom- 
position at a higher temperature. 

Cocaine is very slightly soluble in water, ‘ but dissolves readily in 
alcohol, ether, chloroform,^ benzene, benzin, carbon disulphide and 
volatile and fixed oils. 100 parts of carbon tetrachloride dissolve 
^^>503 parts of cocaine at 17®. It is readily removed from its solu- 
tions by adding ammonia and agitating with ether or other im- 
oiiscible solvent. 

>8 of cocaine in cold water is probably near to i in 1300 (B. H. Paul), but 

by hf)t nr ♦ ^ Rreatly over-estimated, owing to the ease with which cocaine is decomposed 
with formation of soluble products. 

*''(1 nrov^ ^ ®'^ cocaine in chloroform enabled B. H. Paul to separate it from morphine, 
alkaloid f * P^’^uct introduced under the name of h(raeine, and said to be a natural narcotic 
(Phartt, American hops, to be, in fact, an artificial mixture of cocaine and morphine 
> *886 [mj. 877). 

VOL. VI.- 21 
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An aqueous solution of cocaine has a strong alkaline reaction to 
litmus, cochineal, iodeosin and methyl-orange, but does not affect 
phenolphthalein. The free base may be titrated with the aid of either 
of the former indicators. An aqueous solution of cocaine, if not very 
carefully prepared and secluded from air, or preserved by an antiseptic, 
rapidly decomposes with formation of vegetable growths. 

Cocaine produces on the tongue a sudden and characteristic cessation 
of feeling, which lasts only a few minutes. One drop of a 4% solution 
(of the hydrochloride), if placed on the tongue, soon produces a decided 
numbness, the effect being evanescent unless the application be 
repeated. Cocaine also produces an intense local amesthetic and 
blanching effect on the mucous membrane. A single drop of a 4^'J) 
solution suffices to blanch the conjunctiva of the eye. Amesthesia of 
the eye, of much value in ophthalmic operations, can be produced by 
a somewhat larger dose. Dilation of the pupil is generally produced 
by cocaine, whether applied locally to the eye or otherwise introduced 
into the system; but the mydriasis produced by cocaine is not so 
invariable and is far less intense than that characteristic of atropine 
and its isomers. 

In large doses, cocaine has marked poisonous properties. The 
fatal dose for dogs is from 2 to 5 grains. The hypodermic injection 
of 1/20 grain has caused dangerous symptoms in a girl 12 years of age 
(see Pharm. Jour.., 1886 [itt], 16, 721).^ 

Cocaine is levorotatory, the specific rotation in chloroform solution 
being about —15.8° for the sodium ray; while the rotation of the 
hydrochloride at 20® in dilute alcohol is [0)0= — (52.8+0.15884-q) 
where q » the percentage of alcohol in the solution. 

Qualitative Tests. 

Cocaine is precipitated from its solutions by alkali hydroxides, 
alkaline carbonates and ammonia. It is almost insoluble in excess of 
ammonia, which is to be preferred as a precipitant.* Precipitated 
cocaine is amorphous when thrown down from strong solutions, but 
rapidly becomes crystalline. 

> Pot variou* alarming symptoms produced by cocaine in dental practice, see remarks 
by Stockman (Pharm. Jour, (mj, i8, 791). A resume of the pharmacology oi cocaine an 
its allies appeared in the Pharmaciutical Journal [m], ai, 161, 

» If a solution of cocaine salt be precipitated with sodium hydroxide or sodium carbonaw. 
the filtrate will be found to contain a distinct trace of bentoic acid resulting from deenro- 
position of the alkaloid; but this is not the case if ammonia be substituted (B. H. 
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Mayer’s solution precipitates cocaine from extremely dilute solu- 
tions, and A. B. Lyons has attempted to employ the reaction for the 
estimation of cocaine, but with results which are wanting in exactness. 

Iodised potassium iodide gives a rose-coloured precipitate with 
a solution of i part of cocaine hydrochloride in 7,500 of water; in 
stronger solutions the precipitate appears brown, and under the micro- 
scope assumes the form of black globules. 

Tannin produces a distinct cloud in neutral solutions of cocaine 
containing 1:25,000, and a distinct precipitate with twice that pro- 
portion. Picric acid produces in strong solutions a yellow precipitate, 
rapidly becoming crystalline, and appearing under the microscope in 
sheaf-like forms. Phosphomolybdic acid produces a faint turbidity 
in solutions of 1:50,000, and a distinct precipitate with 1:12,500. 
Phosphotungstic acid gives a gelatinous white precipitate, soluble in 
ammonia. 

Platinic chloride produces at once, in solutions of cocaine hydro- 
chloride containing 1:400, a yellow precipitate consisting of plumose 
needles, mostly of stellate pattern. In solutions of i :6oo most of the 
ciy'stals resemble carpet-tacks, consisting of short, well-formed prisms, 
with a single branch from the centre, joined at an oblique angle and 
tapering to a point. The characters of the platinichloride distinguish 
cocaine from the amorphous base associated with it in coca-leaves, 
the platinum salt of which is far less soluble in water, and crystallises 
in rosette-like forms, contrasting strongly with the feathery appearance 
of the cocaine salt. 

Cocaine aurichloride is precipitated on adding auric chloride to a 
solution of cocaine hydrochloride. In solutions containing 1:3,000 
an immediate precipitate is produced, which appears under the micro- 
scope in forms resembling fern-fronds, generally with a stellate 
arrangement. In solutions of 1:12,000 similar crystals form after 
a short time. ^Tocaldine” aurichloride forms minute prismatic 
crystals, having a microscopic appearance quite different from that of 
the cocaine salt (A. B. Lyons, Amer Jour, Pharm., 1885, 57, 10). 

According to Lerch and Schiirgcs, if a drop of ferric chloride be 
^tided to a solution of cocaine and the liquid boiled, an intense red 
colour will be developed “owing to the formation of benzoic add.” 
enzoyl-ecgonine also gives the reaction. 

H- Siemssen {Pharm. Zlg., 1903, 48, S3, 534) has observed 
at when an aqueous solution of a cocaine salt is treated with a con- 
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centrated hot solution of sodium molybdate, a white precipitate is 
produced which, when examined under a lens of 50 to 60 diameters, 
appears of a light green colour. This apparent change in colour is 
characteristic of cocaine and is not exhibited by other alkaloids. 

Potassium dichromate does not precipitate cocaine except from 
neutral solutions, unless they are very concentrated (1:25); but Aletzcr 
states that from a solution containing hydrochloric acid, chromic acid 
precipitates the chromate, Ci7H,i,04NH2Cr04, in silky, lustrous 
plates (compare page 331). If 0.05 grm. of cocaine hydrochloride be 
dissolved in 5 c.c. of water, and 5 drops of a 5% aqueous solution of 
chromic acid added, each drop produces a distinct precipitate, which 
immediately redissolves; but if i c.c. of strong hydrochloric acid be 
now added, a heavy yellow precipitate of cocaine chromate is produced. 
If cocaine be present, reduction of the chromic acid will ensue. Eegon- 
ine, sparteine, atropine, caffeine, pilocarpine, codeine and morphine 
do not form yellow precipitates with chromic acid or potassium chro- 
mate. Quinine, quinidine, cinchonine cinchonidine, hydroquininc, 
apomorphine, brucine, strychnine and veratrine form precipitates 
with 5% chromic acid if the solutions are neutral; but, according to 
K. Metzer {Pham, ZeiL, 1889, 34, 697), cocaine is singular in being 
precipitated only after addition of hydrochloric acid. 

F. Giesel {Pham. Zcil., 1886, 31, 132) has observed that cocaine 
permanganate is very stable compared with the corresponding salts of 
the majority of alkaloids. Hence, if o.oi grm. of cocaine hydrochloride 
be dissolved in i or 2 drops of water, and about i c.c. of a 3% solution 
of potassium permanganate be added, a purple-violet crystalline 
precipitate of cocaine permanganate is produced, the supernatant 
liquid acquiring a purple-violet tint. A. B. Lyons recommends that a 
strong solution of the cocaine salt should be used, and tlie permanganate 
employed in iV/io solution (3.162 grm. per litre). The precipitate 
is unstable, and decomposes in a few hours even at the ordinary 
temperature, leaving a brown hydrated manganese dioxide. If 
liquid containing the precipitate be heated to boiling, decomposition 
occurs at once but without the production of any peculiar odour. But 
if examined under the microscope when first thrown down, the pre 
cipitate is found to consist, wholly or in part, according to the strength 
of the cocaine solution, of translucent, violet-red, rhombic (ncary 
rectangular) plates of great beauty, often grouped together to form 
rosettes. A 5% solution of cocaine gives a copious precipitate at once, 
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and a 2% solution after a short time; but with a i% solution the 
crystals only form as evaporation takes place. 

The behaviour with potassium permanganate serves to detect an 
admixture of methyl cinnamyl-ecgonine and certain other impurities 
in cocaine hydrochloride. The presence of these causes an immediate 
reduction of the permanganate m the cold. The first drop or two of 
the reagent produces a brown discolouration, while the precipitate 
thrown down by a further addition is more or less brown, instead of a 
distinct violet-purple or red. If a limited quantity of the reagent be 
employed, and the liquid heated to boiling, in presence of impurities 
a distinct odour will be developed in some cases resembling that of 
bitter-almond oil, and in others like that of crude cocaine (A. B. Lyons, 
Amer, Jour. Pharm., 1886, 58, 240). The behaviour of other alkaloids 
with potassium permanganate is described on page 107. 

According to F. da Silva {Compt. Rend., iii, 348; Pharm. Jour. 
|m], 21, 162), when treated by Vitali’s test for atropine (page 306), 
even a minute quantity of cocaine (0.0005 develops a distinct 
and peculiar odour, recalling that of peppermint or citronella. No 
other alkaloid extracted by benzene from an ammoniacal solution 
behaves at all similarly, though atropine, hyoscyamine, strychnine, 
codeine and eserine give colour-reactions, and the last-named alka- 
loid develops a disagreeable smell resembling phenyl-carbamine. 
Delphinine, brucine, and veratrine develop slight odours w’hich 
cannot be mistaken for that produced by cocaine. A. C. Stark {Pharm. 
Joiir., 1891 [iii], 21, 848) has confirmed Da Silva’s statements, but 
considers the odour scarcely distinctive enough to render the test 
completely reliable. 

According to Henriques {Germ. Pat., 77,437) cocaine may be 
precipitated from dilute solutions by means of zinc tungstate. 

C. Reichardt {Chem. Ztg., 1904, 28, 299) describes a number of 
new and characteristic reactions for cocaine. On the addition of a 
concentrated solution of sodium nitroprusside, drop by drop, to a 
moderately-concentrated cold solution of cocaine, an immediate 
turbidity is produced which, when examined under a lens of moderate 
power, is seen to be due to the formation of well-formed reddish cry^s- 
tals. These consist of cocaine nitroprusside and may be produced in 
moderately dilute solutions of cocaine salts. If, in the same manner, 
^ cold saturated solution of uranium nitrate is added to a fairly strong 
Cold solution of cocaine hydrochloride, an immediate yellow' crystalline 
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precipitate is produced, the composition of which has not been deter- 
mined, but which is possibly a double salt. It is also obtainable from 
fairly dilute solutions of the alkaloid. If a little perfectly pure titanic 
acid is dissolved in a few drops of concentrated sulphuric acid l)y the 
aid of heat and allowed to cool, the addition of a trace of cocaine hydro- 
chloride to the cold solution is without effect upon it; but if the mixture 
is heated while stirring, so that oily drops arc separated and are non- 
adherent to the sides of the porcelain container, the liquid gradually 
assumes a handsome violet to blue colour. This reaction, which is 
quite characteristic, is due to a reaction of the titanic acid. If a little 
potassium ethyl-sulphate is rubbed with a trace of cocaine hydro- 
chloride and a few drops of concentrated sulphuric acid are added to 
the mixture, no reactions of any kind are manifested until, on applyinfif 
heat, a distinct odour of peppermint is developed. This manifests 
itself even in the presence of the smallest trace of cocaine. Finally, 
if a trace of cocaine hydrochloride is rubbed with urea and concentrated 
sulphuric acid is added, the mixture remains unchanged in the cold; 
but on heating it, a blue colour, gradually increasing in intensity, is 
developed. 

Toxicological Identification of Cocaine.— Siemssen {Pharm.Zlg., 
1903, 941), referring to the reaction of cocaine with sodium molybdate 
(page 324), states that he has found it unsuitable for forensic exami- 
nations. He finds bromine water, however, to be admirably suited 
for its identification in toxicological cases, as shown by the followini]; 
experiment: A segment of intestine was extracted with ether in a 
Soxhlet apparatus and then impregnated with i c.c. of a o.oi^t solu- 
tion of cocaine by setting it aside during 2 days. The segment was 
then repeatedly shaken with ether-alcohol and then transferred to a 
glass cylinder containing 2 c.c. of bromine water which had been 
saturated at 20*^. A light yellow voluminous precipitate resulted im- 
mediately, which proved to be insoluble in the precipitant. Atropine, 
brucine, morphine, strychnine and several other alkaloids, treated in 
the same way, afforded reactions which were in each case characteristic 
and could be distinguished from each other and from cocaine. The 
individual oljservations made will be the subject of a future paper. 

Salts of Cocaine. 

Cocaine Hydrochloride. Hydrochlorate of Cocaine. C, 71121' 
04N,HC1. This salt, which is readily prepared by neutralising 
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cocaine by hydrochloric acid, crystallises from alcohol in short prisms 
melting at 189.9°. The crystals from the aqueous solution contain, 
according to A. B. Lyons, 9.6% of water, while those from the alcoholic 
solution are anhydrous. The salt is not hygroscopic, but is soluble in 
less than its own weight of water, forming a thick syrupy liquid. It is 
readily soluble in spirit, but with less facility in absolute alcohol, 
chloroform, and amyl alcohol; and is practically insoluble in ether, 
petroleum spirit, and fixed and volatile oils. Ether precipitates cocaine 
hydrochloride from its solutions in absolute alcohol^ and chloroform. 

Cocaine hydrobromide, BHBr,2HjO, crystallises readily from 
its aqueous solution in transparent prisms, stable in the air. 

Cocaine acetate is readily soluble in water. It is difficult to obtain 
it in a crystalline condition, as acetic acid is given off during the evapo- 
ration of its solution. 

Cocaine oleate readily crystallises, and is soluble in oleic acid and 
fixed oils. 

Cocaine gives crystalline salts with sulphuric, boric and oxalic acids. 
The citrate is hygroscopic, and crystallises with difficulty. 

Cocaine benzoate, C,7H,,04N,C7H802, may be prepared by 
mixing molecular proportions of cocaine and benzoic acid. It is a 
very soluble salt, obtainable with difficulty in acicular crystals, the 
solution usually drying up to a gummy mass, which gradually acquires 
a crystalline structure. A sample of commercial cocaine benzoate of 
French origin was found by B. H. Paul to give no precipitate of cocaine 
with ammonia, and no benzoic acid with hydrochloric acid. It con- 
sisted of benzoyl-ecgonine {Pharm. Jour, [Hi], 16, 817). According to 
A. Bignon {Pharm. Jour.y 1886 [w], 16, 721), the anesthesia produced 

^ 5% solution of cocaine benzoate lasts during 4 consecutive hours 
and is not preceded by the sensation of pain produced by the 
hydrochloride. 

Cocainemethobromide, Ci7Hj,04N.CH3Br, is prepared by heating 
cocaine and methyl bromide together for 2 hours at 100°. Crystallises 
out of alcohol. 

Cocainemethiodide is prepared similarly to the brommethylate. 
Cocaineethylester, C3H„(C2H50)02N.C7H30, is prepared by 
heating benzoylecgonine and ethyl alcohol at 100° (Merck, Ber., 1885, 
2954), m. p. 108-109°. 

.. (Pharm, Jour., 1887 [wT i7, 86a) i^ves the solubility of pure cocaine hydro- 

nionde in chloroform, absolute alcohol, and amyl idcohol as i in 48, 1 in 34, and i in 
70 respectively; but B. H. Paul does not find such large proportions of solvent necessary. 
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The propyl and isobutyl esters (m. p. 78-79.5® and 61-62^) 
respectively have been described by Novy (/. Am. Chem. Soc., 1887, 
10, 147), as well as the bromethyl-ester, made by heating benzoyl- 
recgonine, ethylene bromide and alcohol to 95°. 

Derivatives of dextrorotatory cocaine are similar to the laevo 
derivatives. 

Examination of Commercial Cocaine and its Salts. 

The absolute purity of cocaine and cocaine salts intended for 
medicinal use is essential, as various undesirable and even dangerous 
symptoms are produced by certain impurities liable to be present. 
Fortunately the tests now given in the pharmacopoeias (especially the 
United States Pharmacopceia) are suflScient to prove the purity of 
cocaine. 

Crude cocaine has for some time been manufactured in South 
America for export to European markets in place of coca leaves, which 
have been found to be liable to deterioration in transit. B. H. Paul 
{Pharm. Jour.y 1888 [m], 18, 782) describes it as a white or yellowish 
pulverulent substance compressed into thin cakes. It contains not only 
earthy substances, sodium carbonate and lime salts, but also a waxy 
substance and traces of petroleum. Its manufacture has probably been 
effected by extracting the coca leaves with petroleum spirit, washing 
out the alkaloid with an acid, and then precipitating it with lime or 
sodium carbonate. It is represented as containing from 80 to upwards 
of 90% of alkaloid, but the proportion of crystallisable cocaine present 
varies considerably, in one instance not exceeding one-half of the total 
alkaloid present (85%). The remaining portion was precipitated on 
adding ammonia to its solution in hydrochloric acid in oily glolmlcs, 
which after a time collected at the bottom of the liquid as a viscid 
semi-transparent layer, which ultimately became more or less crystal- 
line. In all cases the liquid remained quite milky for a considerable 
time, in this respect presenting a marked contrast to the rapid clearing 
of the liquid, which takes place when pure cocaine is precipitated from 
the solution of its hydrochloride. 

The analysis of a sample of crude cocaine by E. R. Squibb showed: 
Moisture, 3-25%; residue insoluble in ether, 5.25; impurity soluble 
in ether, 0.50; pure alkaloid, 89.94; and loss, 1.06% {Jour. Soc. Chefft- 
Ind., 1889, 8, 724, 1013). 
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A convenient method of purifying cocaine is to recrystallise it 
several time from strong alcohol, and, when a certain degree of purity 
has been attained, precipitate the base from its solution in 10 parts 
of strong alcohol by addition of 5 volumes of water. 

Paul and Cownley have pointed out that the solubility of a sample 
of cocaine in petroleum spirit cannot be relied on as a proof of its 
purity, since cinnamyl-cocaine behaves similarly. 

John Williams {Year-book Fharm.y 1887, 502) proposed to purify 
and assay commercial cocaine hydrochloride ‘by dissolving it in the 
smallest possible quantity of absolute alcohol (sp. gr. 0.795), 
adding to this solution 6 times its volume of dry ether, when the cocaine 
hydrochloride is precipitated in a finely-divided but perfectly crystal- 
line condition. Unfortunately, as pointed out by B. H. Paul, the 
hydrochlorides of the amorphous bases and of benzoyl-ecgonine are 
precipitated under the same conditions; and hence the method is 
useless for the assay of crude cocaine hydrochloride or for the elimina- 
tion of impurities, though serviceable for improving the appearance 
of a pure salt and converting it into a convenient form for use. ‘ 

Cocame hydrochloride should be perfectly colourless, and soluble 
in water to a perfectly colourless solution, which ought to be absolutely 
neutral to litmus-paper. The solution of the pure salt keeps fairly 
well, but in presence of common impurities is decomposed with great 
facility. In the dry solid state, cocaine hydrochloride undergoes no 
change by keepmg. It ought to be perfectly free from odour; but as 
sold it not infrequently retains the odour of a solvent used in its 
preparation, or has a peculiar butyric or mousy smell, or even a 
distinct benzoic odour. In any case, a sample having a distinct odour 
must be regarded with suspicion. 

Pure cocaine hydrochloride is always distinctly crystalline, though 
much of the commercial article presents an amorphous or granular 
appearance. The tendency to crystallise is so marked that B. H. 
Paul {Pharm,Jour.y 1888 [III], 18, 781) regards an amorphous condi- 
tion, or even difficult crystallisability, as an indication of the presence 
of impurity. Paul states that on dissolving 5 to 10 grains of a pure 
sample in i dram of water and rapidly evaporating the solution (in 

adds that it is a mistake to attempt the purification of cocaine hydrochloride at 
The free alkaloid is much more susceptible of purification, and may be obtained in 
J^ry fine crystals either from ether or alcohol. Prom pure cocaine the hyd^hloride can 
w readily prepared, as the neutral solution may be evaporated to dryness without decom- 
and the resultant dry salt can bo readily vertecond into a good-looking crystalline 
condition by WUliams* meth(i. 
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a glass basin) on a water-bath, the dry residue obtained will be white 
and opaque, presenting a radiating crystalline structure, while in the 
case of an impure mixed salt the residue will be more or less yellow, 
translucent, and of a gummy or resinoid character. 

The most definite test for the purity of cocaine hydrochloride is said 
by Antrich {Ber.y 20, 3 10) to be the optical activity. In dilute alcoholic 
solution, at 20°, the specific rotatory power is [ajD= — (52.18°+ 
0.1588^), and [a]o= — (67.982 — 0.15827c); where q is the weight of 
dilute alcohol of .9353 sp. gr. at 20^/4° (which corresponds to a mixture 
of 6 parts by weight of absolute alcohol with 9 parts of water) in 100 
parts by weight of the solution, and c is the weight of hydrochloride in 
100 volumes of the solution. When ^=o, or, in other words, the 
solution is aqueous, [a]p= — 52.2®; when q is 100, [a]o= — 68.06°. 

The characteristics of cocaine hydrochloride should be, according 
to Beckurts, that it should give a clear and colourless solution in water; 
leave no residue on ignition; give a colourless solution in concentrated 
sulphuric acid, when dissolved in the proportion of 0.020 grm. to i c.c.; 
that a concentrated aqueous solution should be absolutely neutral 
(to litmus); not immediately reduce potassium permanganate; and 
when heated with the latter reagent give off no odour of bitter-almond 
oil. 

The British Pharmacopoeia (1905) prescribes the following tests 
for cocaine hydrochloride: It occurs in colourless crystals or as a 
white crystalline powder and has a bitter taste, which is succeeded by 
numbness. Very soluble in water (2 in i), alcohol (i in 3), and 
glycerin (i in 3); soluble in chloroform (i in 20), insoluble in oils and 
almost insoluble in ether. It should contain no more than traces of 
sulphates or amorphous alkaloid, nor lose more than 1% of water 
when dried at 100°. It melts at 180° to 186, and should leave no 
residue on complete ignition. A solution containing o.i grm. of the 
salt dissolved in 5 c.c, of distilled water, 0.15 c.c. of dilute sulphuric 
acid, and o.i c.c. of solution of potassium permanganate should not 
fade in half an hour (absence of cinnamyl-cocaine, cocamine, or other 
products derived from cocaine). 100 c.c. of a 0.1% solution of the 
salt affords with 0.25 c.c. of ammonia a clear solution, from which a 
crystalline deposist, free from amorphous flocks, should separate 
gradually on continued and vigorous stirring (limit of amorphous 
alkaloid). 

The German Pharmacopoeia (1900) prescribed the following tests 
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for cocaine hydrochloride: A mixture of equal parts of cocaine hydro- 
chloride and mercurous chloride is blackened when moistened with 
dilute alcohol. 

If 5 drops of chromic acid solution are added to a solution of 0.05 
grm. of cocaine hydrochloride in 5 c.c. of water, each drop produces 
on precipitation which, however, on rotating the mixture redissolves, 
but on the further addition of i c.c. of hydrochloric acid it separates 
out again. 

The United States Pharmacopceia (8th Rev., 1900) is here quoted 
at length with reference to tests for cocaine hydrochloride because of 
its complete treatment of the subject: 

Colourless, transparent, monoclinic prisms, flaky, lustrous leaflets 
or a white crystalline powder; permanent in the air, containing no 
water of crystallisation; odourless; of a saline, slightly bitter taste, and 
producing on the tongue a tingling sensation followed by numbness of 
several minutes^ duration. 

Soluble in 0.4 parts of water, 2.6 parts of alcohol, and in 18.5 parts 
of chloroform at 25°; soluble on o.i part of water at 80°, and in 1.4 
parts of alcohol at 60°; insoluble in benzene, petroleum benzin, and 
ether. 

It melts at about 189.9®, Minute quantities of impurities may re- 
duce the m. p. to 180® or less. It leaves no residue on incineration. 

Its aqueous solution is neutral to litmus paper and is laevogyrate. 

If silver nitrate solution be added to the aqueous solution of the 
salt (i in 100), a white precipitate is produced, which is insoluble in 
nitric acid. 

On adding 5 drops of a solution of chromium trioxide (i in 20) to 
5 c.c. of a solution of cocaine hydrochloride (i in 50), a yellow pre- 
cipitate will be produced, which redissolves on shaking; on now adding 
I c.c. of hydrochloric acid, a permanent, orange-coloured crystalline 
precipitate will be formed. 

On adding a solution of potassium chromate (i in 20) to a hydro- 
chloric acid solution of the salt, orange-yellow leaflets of cocaine 
chromate are precipitated. 

If mercuric chloride solution be added to an aqueous solution of 
the salt, a white flocculent precipitate is produced. 

Cocaine hydrochloride is not coloured by cold sulphuric acid, but if 
^ crystal be heated with sulphuric acid, in a test-tube, vapours are 
produced from which benzoic acid is deposited on cooling. 
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If 3 drops of palladous chloride, with 3 c.c. of chlorine water be 
added to 3 drops of an aqueous solution of the salt (i in 20), a red 
precipitate is produced. 

When o.oi grm. of the salt is dissolved in 2 drops of water, the addi- 
tion of I c.c. of a solution of potas.sium permanganate (i in 30) produces 
a violet precipitate, which appears brownish-violet when collected on 
a filter. 

A crystal of the salt dissolved in alcohol yields when stirred with a 
piece of potassium hydroxide an odour of ethyl benzoate. 

If o.i grm. of the salt be dissolved in 5 c.c. of distilled water con- 
taining 3 drops of diluted sulphuric acid, the addition to this solution 
of 3 drops of iV/io potassium permanganate solution will produce a 
violet colour, which should not fade in half an hour (limit of cinnamyl- 
cocaine). 

If O.I grm. of the salt be dissolved in 85 c.c. of cold distilled water 
in a beaker and 4 drops of ammonia water added and the solution 
stirred vigorously for 15 minutes, with occasional rubbing of the 
sides of the beaker with a stirring rod, a crystalline precipitate of 
cocaine should be formed, and the supernatant liquid should be 
perfectly clear (limit of isatropyl-cocaine). The presence of 0.5% 
of isatropyl-cocaine will prevent the formation of nearly all of the 
precipitate, and w'ill cause the supernatant liquid to be opalescent. 

The following test is due to H. Maclagan {Amer. Drug., 1887, 
22; Pharm. Jour., 1887 [Hi], 17, 686): i grain of cocaine hydro- 
chloride is dissolved in 2 oz. of water, 2 drops of strong ammonia 
are added, and the walls of the containing vessel rubbed from time to 
time with a glass rod; in a quarter of an hour a good crop of glistening 
cry'stals separate. When the cocaine is not very pure the solution 
remains clear, or else deposits only a small crop. With a good sample 
a dense precipitate is produced either at once or on stirring, and soon 
acquires a crystalline condition, the liquid rapidly clearing. When 
the cocaine contains more than 4% of amorphous alkaloid the solution 
becomes milky. 

B. H. Paul {Pharm. Jour., 1888 [in], 18, 783) has pointed out that 
the prepipitate of cocaine produced in Maclagan’s test redissolves if 
left for a long time in the ammoniacal solution, owing to its conversion 
into the soluble* base benzoyl-ecgonine. He describes a quantitative 
application of the ammonia test (using a 2% solution of the salt) which, 
in the case of good samples free from odour and colour, will fairly 
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indicate the purity and value; but, in the case of bad samples, regard 
must also be paid to the character of the precipitated alkaloid. This 
is done by adding the ammonia gradually, with constant stirring, as 
long as a crystalline precipitate forms and the liquid clears promptly. 
When the precipitate begins to form clots which adhere to the sides of 
the beaker, and the liquid remains milky, the precipitate already 
formed is separated, and the amorphous precipitate produced on 
further addition of ammonia collected separately.^ The following 
results were obtamed by B. H. Paul by the examination of commercial 
cocaine hydrochloride by the above process: 


Ammonia precipitate, % 


Sample number 

1 Water, % 

! On sample 

j — On dry salt 

! 

1 

.90 

1 8s. 6 

86.3 

a 

•so 1 

1 84.3 

84.7 

3 


84.0 

84 

4 

1 . 00 

: 83.6 

84.00 

5 

.43 I 

1 8a. 6 

8a. 95 

6 

1. 19 1 

81.35 

8a. 33 

7 

.43 1 

1 81.04 

81 .40 

8 

9-47 1 

74.9 

83.75 

9 

a . 00 1 1 

fCryst. 66.4 1 

1 Amorph. la.a j 

80.3 

10 

0 .S 7 i; 

\ Cryst. 43 • »8 j 

1 Amorph. 34 . 93 \ 

78.66 

II 

a. 93 1 

f Cryst. 41.7 1 

\ Amorph. 31.7 / 

7 S -5 



65.3 



The ammonia precipitates from the first 8 of these samples were 
perfectly crystalline, without any trace of stickiness; they deposited 
rapidly, and left the supernatant liquid quite clear and bright. In 
the case of samples 9, lo and ii, a considerable proportion of the alka- 
loid was of an amorphous sticky nature, quite different from that 
obtained from a pure salt. No. 12 was so impure that it was im- 
possible to effect a fractional precipitation quantitatively. 

Paul states that the principal impurity in the last 4 samples was 
undoubtedly the hydrochloride of the amorphous alkaloid associated 
with cocaine in coca leaves (see page 341), the salts havmg been prob- 
ably produced by evaporating the solution of the mixed bases in hydro- 
chloric acid; and it is questionable whether the presence of this amor- 
phous base should be tolerated in a product which purports to be 
cocaine hydrochloride . * ’ 

alkaloid when freed from colouring matter is a clear yellowisli trans- 
liu 2; resembling thick Canada balsam, and the hydrochloride forms a vamish- 

“Jte mass that cannot be reduced to powder. 
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Tests for Cocaine in the Presence of the Eucaines.—In the 

course of an examination of a i% /?-eucaine solution for the possible 
presence of «-eucaine or cocaine G. Eigel {Apoth, Ztg., 1903, 18, 
603) made the observation that the reactions heretofore employed for 
distinguishing between the hydrochloride of these 3 bases gave different 
results if solutions of different strengths (o.i, i.o or 5.0%) were under 
examination, (i) He finds that if i drop of solution of ammonia 
is added to 10 c.c. of 0.1% solution of a-eucaine hydrochloride, a white 
precipitate is produced, while solutions of /?-eucainc and cocaine 
hydrochloride solutions of the same strength are not so affected. 

(2) I drop of 1.0% a-eucaine solution if mixed with i drop of 
solution of potassium iodide (1:10) produces in a few minutes large 
crystals of a-eucaine hydriodide, while no crystals arc produced under 
identical conditions with either cocaine or ^ 3 -eucaine hydrochloride. 

(3) I drop of 1.0% solution of a-eucaine or of cocaine hydro- 
chloride yields a white precipitate with i drop of solution of mercuric 
chloride (1:20); /?-eucaine docs not. (4) But all 3 salts produce a 
precipitate with the solution of mercuric chloride if they are in solution 
of s% strength. 

On these observations Eigel bases the following method of dis- 
tinction: I drop of a 1% solution is mixed with solution of mercuric 
chloride (1:20). If precipitate results it is a-eucaine or cocaine; if no 
precipitate results it is / 9 -eucaine. If now equal drops of this solution 
and of solution of potas.sium iodide {1:10) are mixed, the formation 
of crystals indicates a-cucaine while if no crystals are formed, the 
solution contains cocaine. 

G. L. Schaefer (Pharm. Jour.y 1899, 33^) suggested the following 
test for ascertaining the purity of salts of cocaine and it has been the 
subject of several papers, several of which are given in outline herewith. 
The test is compared as to merit chiefly with Maclagan’s test (page 332): 
0.05 grm. of cocaine hydrochloride are dissolved in 20 c.c. of distilled 
water and 5 c.c. of a 3% chromic acid solution added and then to this 
mixture 5 c.c. of a 10% solution of hydrochloric acid are added. I he 
temperature of the mixture should be kept at about 15®. If the salt 
be pure, a clear solution will result. If more than traces of salts of 
other coca bases are present, the solution becomes cloudy at once or in 
a few minutes according to the amount of impurity present. 
Metzer^s test, page 324.) 

Schaefer’s Chromic Acid Test.— -In the course of a reply to 
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criticisms on his chromic- acid test for determining the purity of cocaine, 
by A. J. Cownley, P. H. Squire and E. Merck (see proceedings, 1899, 
758-740), Schaefer insists on its superiority over Maclagan’s am- 
monia test. He says that in applying the test it is important that 
the temperature of the cocaine solution be maintained at 15°, the 
chromates of both pure cocaine and the amorphous alkaloids being 
influenced by rise and fall of temperature, heat increasing and cold 
diminishing their solubility. The test produces no turbidity when 
the acid is added to a solution of a pure specimen of cocaine, the 
temperature being 15°. If, however, the solution be subjected to a 
considerably lower temperature, it becomes turbid, and if it be pre- 
served at this reduced temperature for several hours, a crystalline 
deposit will be found, consisting of long, needle-shaped crystals of 
cocaine chromate. A solution of impure cocaine rendered turbid by 
the reagent at 15®, and exposed to a lower temperature remains turbid 
for several hours, then slowly deposits a yellowish-brown amorphous 
sediment. These reactions are characteristic and serve to distinguish 
between cocaine and the amorphous alkaloids, especially isatropyl- 
cocaine. If a stronger acid is used the alkaloids will separate out more 
quickly. In order to show the superiority of the chromate test over 
Maclagan’s test, the author prepared a series of specimens of cocaine 
of different degrees of purity. These, as well as the various brands of 
cocaine in the market, he subjected to Maclagan’s and the chromate 
test. As a result, he found specimens which gave negative results with 
Maclagan’s test to be impure by the chromate test, and those speci- 
mens which reacted with Maclagan^s test yielded a decided turbidity 
upon the addition of even less than 5 c,c. of the 10% hydrochloric acid. 
(Amer. Drugg,, 1899, page 4). 

On the other hand, A. J. Cownley, in a note to the foregoing, 
maintains that for commercial purposes Maclagan’s test is to be pre- 
ferred to the chromic-acid test for ascertaining the purity of cocaine 
hydrochloride, and that this opinion is corroborated by Schaefer’s 
own statement that epccimens of cocaine hydrochloride, which were 
condemned by Maclagan’s test, were shown to be impure by the 
chromate test. As has been previously stated by Cownley, the 
results mentioned by Schaefer only go to show that probably the 
only salt that would pass the chromic acid test would be one prepared 
from synthetic cocaine. {Pharm. Jour.f 1899, 66.) 
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Decomposition-products of Cocaine. 

Benzoyl-ecgonine. or CgH^NCO.C^H.O.COOH. 

This base may be prepared by the action of benzoic anhydride or 
benzoic chloride on ecgonine, and is also a product of the action of 
acids or water on cocaine. Hence it occurs as a by-product of the 
manufacture of cocaine. ‘ On a large scale, benzoyl-ecgonine is 
prepared by gradually adding a little more than i molecule of ben- 
zoic anhydride to a hot saturated aqueous solution of i molecule of 
ecgonine, and heating the mixture on the water-bath for about an 
hour. After cooling, the product is shaken with ether to remove 
unchanged benzoic anhydride and acid, and the residual benzoyl- 
ecgonine washed with a little water to dissolve unaltered ecgonine. 
The yield is about 8o% of the ecgonine employed, and an additional 
quantity can be obtained by concentrating the mother-liquor and again 
treating it with benzoic anhydride. 

Benzoyl-ecgonine crystallises with 4HjO in transparent, flat, tri- 
metric prisms, resembling ammonium oxalate, which melt at a variable 
temperature ranging from 87-140®. When fusion occurs at the lower 
temperature (as happens when the heat is rapidly applied), the sub- 
stance resolidifies on further heating, and melts again at 195®, turning 
brown at the same time. 

Benzoyl-ecgonine is sparingly soluble in cold water, but readily in 
hot water, alcohol, and dilute alkalies and acids. It is almost insoluble 
in ether. 

The acetate and sulphate of benzoyl-ecgonine crystallise in prisms. 
BHAuCl^ forms small, yellow, anhydrous scales, soluble in alcohol 
but only sparingly so in water. 

When heated with alkalies or with hydrochloric acid to 100° in 
sealed tubes, the base is decomposed into benzoic acid and ecgonine. 
By treatment with methyl iodide it yields cocaine. 

Benzoyl-ecgonine does not appear to have much, if any, anaesthetic 
effect when applied to the eye, and exerts only a moderate dilating 
action on the pupil. R. Stockman states that it is very irritating to 
the mucous membranes, and when injected subcutaneously produces 
tetanic spasms. In many respects its action resembles that of caffeine, 

» BenxoyUcgonine ii easily produced by heating cocaine with about ao parts of water 
in a closed tube. The cocaine melts at about 90*. but gradually dissolves on maintaining 
the temp^ture at 100 . The change is facilitated by agitation, and in about twelve iwur* 
a clear solution is obUmed, which is only faintly acid if pure cocaine was employed. 
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but paralysis of the sensory nerves is quite absent {Pharm. Jour., 1886 
[Hi], 16, 898). 

Ecgonine, CjHjjOjN; or CgH,3N(OH).COOH. Ecgonine is 
obtained, together with benzoic acid and methyl alcohol, by heating 
cocaine with concentrated hydrochloric acid to 100° in sealed tubes. ‘ 
Also, when cocaine or its hydrochloride is heated with 20 parts of 
water and 10 of baryta to 120° in sealed tubes, it is decomposed 
according to the equation: 

C,7H3i0,N+2H20 = C7Hg0j+CgH,5N03+CH40. 

The actual products are methyl alcohol, barium benzoate, and a com- 
pound of barium benzoate with the barium compound of ecgonine 
(2Ba(CgHj403N)2+Ba(0Bz)24-a:H30), which forms slender pris- 
matic needles, very soluble in water and alcohol, but only slightly 
soluble in ether. This compound is a convenient source of ecgonine. 
On subjecting it to dry distillation it yields an isotropine, the platini- 
chloride of w'hich forms bulky, orange-red, deliquescent crystals 
containing (CgHisONjjHjPtClg. 

Ecgonine crystallises from absolute alcohol in monoclinic prisms 
containing iHjO, m. p. 198°; or, after drying at 140° to expel the 
water of crystallisation, at 205°. Ecgonine is very soluble in water, 
sparingly in absolute alcohol, and insoluble in ether. It has a slight 
bitter-sweet taste. 

When ecgonine is heated with moderately strong sulphuric acid, 
neither carbonic oxide nor formic acid is formed, but a base is pro- 
duced which bears the same relation to ecgonine that ether bears to 
alcohol. It unites both with acids and bases. 

C. E. Merck {Ber,, 1886, 19, 3002) states that ecgonine, when 
distilled with nearly dry barium hydroxide, yields methylamine and 
not ethylamine as one of the products, thus agreeing with the behaviour 
of tropine when similarly treated. 

When ecgonine (or anhydro-eegonine) is oxidised with potassium 
permanganate, or nitric acid, succinic acid is formed (Einhorn, Ber., 
1^88, 21, 47), a fact which shows that the side-chain in the molecule 
of ecgonine must be either in the a- or /^-position. 

Ecgonine contains a carlx)xyl-group, and hence behaves at once 
an acid and a base. It has a neutral reaction, but reacts with 

oht and Giesel obtain ecgonine on a lai^e scale by boiling the amorphous base 

filt ' in the manufacture of cocaine for about an hour with hydrocliloric acid. The 
t;rcd solution is evaporated to dryness, the residue treated with a little alcohol to re- 
‘f"Pnrities, and the residual ecgonine hydrochloride decomposed by sodium carbonate, 
'berated base being recrystallised from alcohol. 

VoL. VI.— 22 
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alkalies to form gummy compounds of faint alkaline reaction, which 
crystallise with difficulty and are very soluble in water and alcohol. 
Ecgonine hydrochloride y C^HjjOjN.HCI, forms triclinic tables, difficultly 
soluble in alcohol and melting at 246®. BjHjPtClfl, after drying at 
140®, melts at 226®. It is extremely soluble in water, and is deposited 
in orange-red prisms on adding excess of alcohol to its aqueous solution. 
BHAuCl^ is a greenish-yellow, gummy substance, very soluble in water 
and alcohol. 

With iodised potassium iodide, ecgonine yields a reddish-brown 
precipitate, rapidly changing to reddish-yellow, microscopic tal)les 
or prisms. In dilute solutions the precipitate is formed only after 
concentration. In the animal system, cocaine is converted into 
ecgonine, which may be detected in the urine by this test. 

Anhydro-eegonine. or CjNHyMe.CH: CH.COOH. 

This base is formed by the action of phosphorus oxychloride or 
pentachloride on ecgonine, or by heating cocaine for 8 hours to 
140® with glacial acetic acid which has been saturated with hydrogen 
chloride acid gas. It forms colourless crystals, m. p. 235®, soluble in 
water and alcohol, but insoluble in ether, chloroform, benzene and 
petroleum spirit.^ When anhydro-eegonine is heated with water to 
150®, methylamine is liberated. It combines directly with bromine to 
form a base containing C^HjjBrjOjN, the hydrochloride of which 
melts at 184°. The salts of anhydro-eegonine are crystallisable. BHCl 
crystallises from absolute alcohol in white needles, m. p. 240-241°. 

Bases Allied to Cocaine. 

Deztro-cocaine. CjyHjjO^N. Einhom and Marquardt (Ber., 
1890, 23, 469, 979) have found that by warming with aqueous potas- 
sium hydroxide for 24 hours, ecgonine is converted into a base which 
differs from ordinary ecgonine in being much less soluble in absolute 
alcohol, and having a much higher m. p. (254®); but especially 
in being dextrorotatory. 

From this dextro-eegonine a synthetic dextro-cocaine may be pre- 
pared as a colourless oil, which solidifies on standing, and is readily 
soluble in ether, alcohol, benzene, and petroleum spirit. 

Dextro-cocaine may be obtained in crystals, m. p. at 43'4S° 

» Hence it is best Isolated by treating the solution of Its hydrochloride with argentic oxide 
(compare page ja). It may be punSed by precipiUtion from its alcoholic solution Py 
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by treating its solution with a crystal of benzoyl-dextro-ecgonine 
ethyl-ester. 

The salts of dextro-cocaine crystallise well. BHCl is much more 
difficultly soluble than the hydrochloride of ordinary cocaine, and 
melts at 205° instead of 189.9° BHO3N is especially characteristic., 
100 parts of water at 20° dissolve 1.55 parts of the nitrate, which is 
precipitated in crystals on adding nitric acid to solutions of other salts 
of the base. This behaviour distinguishes dextro-cocaine from 
ordinary cocaine. BjHjPtCl^, crystallises from hot water in yellowish 
needles. BHAUCI4 crystallises from dilute alcohol in needles, m. p. 
148°. 

Dextro-cocaine was found to resemble ordinary cocaine in its physio- 
logical effects, except that local amesthetic action commenced more 
rapidly, and disappeared in a shorter time. 

With chromic acid, potassium permanganate, and auric chloride, 
dcxtro-cocaine behaves like cocaine. 

Cocethyline, Homococaine, or benzoyl-ecgonine ethyl-ester, 
CjgHjjO^N, is the higher homologue of cocaine, which base it closely 
resembles. It is prepared by heating benzoyl-ecgonine with ethyl 
iodide and alcohol for 8 hours at 100°. It crystallises from alcohol 
in vitreous prisms melting at 108-109°, soluble in ether but 

nearly insoluble in water. The platinichloride forms bright yellow, 
rhombic plates, resembling the cocaine salt but more crystalline. 
Physiologically, homococaine is similar in its effects to cocaine, but is 
weaker and less toxic, and does not appear to be mydriatic. 

The higher homologues of cocethyline, containing propyl and iso- 
butyl groups, have been prepared by similar means; and also by passing 
hydrochloric acid gas into a solution of benzoyl-ecgonine in the cor- 
responding alcohol. 

Cinnamyl-cocaine. CmHjsO^N; or CjHi3(CH3)(C,H70)03N. 
This base has been obtained synthetically by passing dry hydrochloric 
gas into a solution of cinnamyl-ecgonine (prepared by heating eegonine 
with cinnamic anhydride and water). It forms large colourless 
crystals melting at 121°, and is almost insoluble in water, but readily 
soluble in alcohol, ether, etc. When boiled with hydrochloric acid it 
IS decomposed readily and quantitatively into cinnamic acid, eegonine, 
and methyl alcohol. BHCl is precipitated as an oil which solidifies 
after a time on adding a large volume of ether to a strong acidified 
solution of the salt in alcohol. BjHjPtCl, crystallises in microscopic 
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needles, m. p. 217°. When treated with a cold solution of potassium 
permanganate cinnamyl-cocaine and its salts immediately evolve a 
strong odour of benzaldehyde (bitter-almond oil). 

Cinnamyl-cocaine has been proved to occur naturally in coca 
leaves from various sources. Paul and Cownley (Pharm. Jour., 
1890 [Hi], 20, 165) examined a sample of leaves containing 1.75% 
of total alkaloid, nearly 0.5% being crystallisable from petroleum 
spirit, but which, nevertheless, contained very little real cocaine. On 
oxidation by permanganate the crystallisable alkaloid yielded abun- 
dance of benzaldehyde, and in other respects corresponded with 
cinnamyl-cocaine (methyl cinnamyl-ecgonine). 

Cocamine. a-Truxilline. C3j,H4g0„N3-f-H30. This base is 
contained in notable quantity in Truxillo coca leaves. Hesse found 
0.6% in leaves of a different kind, and states that East Indian coca 
leaves, and especially those from Java, contain cocamine m con- 
siderable amount. Liebermann regards cocamine as identical with 
the base originally described by him as T'-isotropyl cocaine, and 
afterward as a-truxilline ; but Hesse contends that Licbermann’s 
product was a mixture, of which cocamine was a leading constituent.^ 

Cocamine has a bitter taste. Hesse and Stockman found its 
physiological effect to be similar to that of cocaine, but somewhat 
weaker, and its amesthetic action especially weak. On the other hand, 
G. Falkson alludes to T'-isatropylcocaine (cocamine) as a “deadly 
alkaloid,” and Liebermann describes it as a heart-poison which docs 
not produce amesthesia. To its presence as an impurity, the occasionally 
highly toxic effects of commercial cocaine are not improbably due. 

Cocamine is precipitated by alkali hydroxides and ammonia from 
solutions of its salts, and after exposure at the ordinary temperature 
in a desiccator retains i molecule of water. It is readily soluble 
in alcohol, ether, benzene and chloroform, but differs from cocaine 
in being very sparingly soluble in petroleum spirit. Neither the free 
base nor its salts have been obtained crystallised. Repeated solution 
in hydrochloric acid and rcprecipitation by soda was the process 
employed by Liebermann to purify the cocamine from the co-occurring 
isococamine (/ 9 -truxilline), which is also bitter, and produces numbness 
of the tongue very slowly by reason of its sparing solubility. 

Both cocamine and its isomeride have been obtained synthetically- 

* The composition of cocamine and its allies has formed the subject of an embiucr^ 
controversy between Liebermann and Hesse {Pharm. Jour., 1891 [w], 2 t, 1109. ? > 

61, lox). 
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When hydrolysed by mineral acids they yield ecgonine, methyl alcohol, 
and cocaic and isococaic acids respectively. 

Cocaic acid, CgH^Oj, or called by Liebermann ^-isa- 

tropic acid or a-truxillic acid, is produced by boiling cocamine with 
hydrochloric acid. The isomeric isococaic acid ( S-isatropic or / 9 -trux- 
illic acid) is the similar product from isococamine. Cocaic acid melts at 
274°, is tasteless and odourless, insoluble in water, and nearly insoluble 
in ether, from which, however, it crystallises in forms resembling ben- 
zoic acid. Isococaic (/?-truxillic) acid melts at 206°. Both cocaic and 
isococaic acids yield cinnamic acid and other products on distillation. 

Benzoyl-pseudotropine, C^Hj^ON.C^H^O, is a base isolated by 
Giesel from a narrow-leaved coca plant cultivated in Java (Ber., 24, 
2336). It somewhat resembles dextrococaine, but is optically inactive, 
and differs from other coca-bases in not yielding methyl alcohol on 
hydrolysis; for, when heated with hydrochloric acid under a reflux 
condenser for some hours, it is completely decomposed into benzoic 
acid and pseudotropine, CgHj^ON. In this respect the base re- 
sembles atropine and the other tropelnes. * Benzoyl-pseudotropine 
is obtained as a milky precipitate which does not become 
crystalline on adding sodium carbonate to the solution of one of its 
salts. The base may be extracted by ether, and on evaporating the 
solution is obtained as an oil which, when quite dry, solidifies in radi- 
ating crystals melting at 49®. It has a strong alkaline reaction, and 
is easily soluble in alcohol, ether, chloroform, benzene and petroleum 
spirit. BHCl, obtained by passing hydrogen chloride gas into an 
ethereal solution of the base, crystallises in white needles, m. p. 271®. 
The solution gives a bulky crystalline precipitate with mercuric 
chloride. BjHjPtClg is a flesh-coloured precipitate, insoluble in hot 
water, alcohol and ether. BHAuCl^ crystallises from water in spar- 
ingly soluble yellow needles, melting at 208®. The picrate forms fine 
yellow needles, difficultly soluble in water. With potassium dichro- 
inate, benzoyl-pseudotropine yields a crystalline precipitate, instead 
of an oily one like cocaine and dextrococaine. 

Amorphous Bases of Coca. 

In isolating cocaine there is found in the mother-liquors a variable 
quantity of a basic substance commonly known as “amorphous 

bensoyl-pseudotropine introduced into the eyes of rabbits occasions 
^ ansBSthesia and a slight enlargement of the pupil, in this respect acting more 

iiice cocaine than atropine. 
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cocaine," while the names cocaicine and cocainoidine have also been 
applied to it. Amorphous cocaine is described by R. Stockman {Pharm. 
Jaur.f 1887 [Hi], 17, 861) at ranging in colour from dark yellow 
to dark brown, and consistence from that of treacle to a sticky tenacious 
solid, having a peculiar smell resembling that of nicotine, and a bitter 
and aromatic taste. Stockman concludes that “amorphous cocaine” 
is in reality a solution of ordinary crystalline cocaine in hygrine, the 
liquid alkaloid said to have been found in coca leaves by Lassen. 
The amorphous alkaloid is extracted from the coca in greater or less 
amount by the process now employed by manufacturers, and its pres- 
ence is considered by Stockman to account for certain disagreeable 
effects resulting from the employment of cocaine containing the impu- 
rity. Thus if the hydrochloride of the impure alkaloid be used to 
produce anipsthesia of the conjunctiva considerable irritation ensues. 

W. C. Howard {Pharm. Jour., 1888 [» 7 ], 18, 71) to a certain extent 
agrees with Stockman’s view as to the nature of amorphous cocaine. 
He found that when the solution of the bases of coca in hydrochloric 
acid was completely precipitated with platinic chloride, and the liquid 
filtered after standing over-night, the mixed platinum salts obtained 
were amorphous or semi-crystalline, and somewhat light in colour. 
When the precipitate was washed with a large quantity of water at a 
temperature not exceeding 80®, the cocaine platinichloridc dissolved, 
and the alkaloid could be obtained therefrom in a crystalline state. 
The fraction of the platinum salt insoluble in water when decomposed 
by hydrogen sulphide, and extracted with ammonia and ether, left 
on evaporating the ether a liquid base which thickened considerably 
on keeping, but in which no crystals appeared even after a week. It 
had an intensely bitter taste, formed an uncrystallisable hydrochloride, 
and a platinichloride containing 18.5% of platinum (against 
the cocaine salt)* and not affected by hot water, all of which characters 
distinguish the base from the description of hygrine given by Losseii 
(Annal. der Pharm., 71, 374). 

O. Hesse states that when working on the bases from the broad- 
leaved coca, separating the cocaine as hydrochloride “by a special 
process," and ascertaining the absence of cocamine, the residual 
mixture was dissolved in dilute hydrochloric acid and the solution 
treated with ammonia in excess. This process of solution and repre- 

iHeiM (PAflm. Jour., 1888 [hi]. x8. 71. 43 ?) conslden that Howard't pUtinum 
wu hydrated, being in reality the chloroplatlnate of an amorphoui base Uomenc witn 
cocaine. 
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cipitation being repeated until the precipitate dissolved in hydrochloric 
acid gave a solution which showed no fluorescence on dilution with 
water, thus proving its freedom from hygrine. The precipitate, after 
being further washed with water at 80°, gave a melted mass which was 
spread on glass plates and dried at 60®, by which means it was obtained 
in transparent, brittle, hygroscopic laminae which were nearly insoluble 
in water and alkaline liquids, but dissolved readily in alcohol, ether, 
chloroform, benzene and petroleum spirit. The solution was alkaline 
to litmus, but without effect on phenolphthalein {Pharm. Jour,, 1888 
[///], 18, 71, 437). When boiled with alcoholic barium hydroxide, or 
heated in a sealed tube with hydrochloric acid, the amorphous base 
yields benzoic acid and another product not yet identified. 

From a later investigation (ibid., 19, 867), Hesse concludes that 
the amorphous bases from true coca consist chiefly of benzoyl com- 
pounds of an oily non-volatile base, together with some cocamine; 
while, on the contrary, those obtained from Truxillo leaves consist 
essentially of cocamine, and the cinnamyl compounds of the before- 
mentioned oily base; and the cocamine is in each case accompanied 
by a base containing less than cocamine. 

A specimen of the amorphous base from coca examined by B. H. 
Paul {Pharm. Jour., 1888 [///], 18, 784) is described by him as being 
pale yellow, and of the consistence of thick Canada balsam. It had 
a faint odour at once suggestive of benzoin and butyric acid, and a 
distinctly bitter taste, but produced no ansesthetic effect on the tongue 
until after the lapse of some minutes, and then very slight compared 
with that produced by cocaine. 

A residue from the preparation of “cocaidine” from amorphous 
cocaine has been loosely given the name of “hygrine.” 

Hesse points out that hygrine probably does not pre-exist in coca 
leaves, but is a product of decomposition. He states that when sound 
coca leaves are moistened with ammonia, shaken with ether, and the 
ether treated with dilute hydrochloric acid, the acid liquid on dilution 
at first shows no fluorescence, but after a time exhibits this character 
distinctly. 

R. Stockman (Pharm. Jour., 1888 [m], 18, 701) states that “hygrine” 
exists in coca leaves in very minute quantity only, and some manufac- 
turers never meet with it. He found it in cocaine mother-Kquors given 
by Messrs. Howard & Sons, and notably in the alcoholic tincture 

fresh coca leaves. Stockman finds “hygrine” to distil very imper- 
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fectly with steam in presence of cocaine. The whole of the statements 
respecting “hygrine’* require confirmation. 

Hygrine properly speaking has the formula C^HijON and is 
obtained form the Cusko bark. 

Assay of Fluideitract of Coca. Gravimetric Alkaloidal Determi- 
nation. Th. Roder {Pharm. Zlg.j 1906, 322) recommends the following 
method for estimating the alkaloid in fluidextract of coca: Place 
15 grm. of the fluidextract into a 250 c.c. flask, add 120 grm. of petro- 
leum ether and 10 c.c. of ammonia water, and shake 2 hours. After 
subsidence, decant 100 c.c. of the petroleum ether solution carefully, 
shake it out successively with 30, 20, 10 and 10 c.c. of 0.5% hydro- 
chloric acid, supersaturate the united acid liquids with ammonia 
water, add 100 c.c, of ether, and shake the mixture frequently during 
one or two hours. Carefully decant 80 grm. of the ether solution, 
filtering if necessary through a dry folded filter, into a dry weighing 
flask, carefully evaporate the ether, dry for 3 hours at 100°, and weigh. 
The weight so ascertained, multiplied by 10, gives the alkaloid content 
in 100 grm. of the fluidextract. 

Coca Leaves. 

The coca leaves occurring in commerce are chiefly of two kinds, 
the one being obtained from Eryihroxylon coca, ^ which was the original 
trade-product, and the other, which is of more recent importation, 
derived from Jamaica and St. Lucia. Coca leaves contain, in addition 
to the ordinary plant-constituents and the characteristic alkaloids, 
cocatannic acid. 

Cocatannic acid (C. J. 11 . Warden, Pharm. Jour.y 1888 [i/'i], 18, 
985) has the probable composition Cj^HjgOg. It forms a sulphur- 
yellow powder, which appears under the microscope in filiform crystals 
interlaced in masses. It melts at 189-191° to a deep red liquid, and 
is only slightly soluble in cold water, cold absolute alcohol, ether and 
chloroform. In hot water it dissolves more readily, and rather freely 
in boiling absolute alcohol. A hot aqueous solution of cocatannic acid 
has an acid reaction. It yields no reaction with ferrous salts (according 
to some observers, green), but with ferric gives a dark green colouration, 
and reduces silver nitrate slowly in the cold and immediately on heating, 
but not Fehling's solution. It does not precipitate gelatin, 

* The coca plant is a small shrub from 4 to 6 feet In height, ffrowtng and largely cultivated 
in Peru and Bolivia, and, to some extent, in Basirl and the Argentme Republic. 
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alcoholic solution gives, with alcoholic lead acetate, a precipitate 
varying from yellow to orange-red. When heated with hydrochloric 
acid to 100°, cocatannic acid yields a glucose and a phlobaphene. 
The products of potassium hydroxide fusion do not appear to be 
characteristic. They are said to include butyric and traces of ben- 
zoic acid. 

C. J. H. Warden {Pharm. Jour.y 1888 [m*], 18, 1010, 1027) has 
observed that coca leaves which are rich in cocatannic acid also contain 
much alkaloid, and suggests, with much probability, that the cocaine 
and allied alkaloids of coca leaves exist in combination with cocatannic 
acid. Warden, in 9 specimens of the dry leaves from plants grown in 
different parts of India, found from 6.36 to 12.64% of ash (average 
8.85%), and from 0.358 to 1.671% of ‘‘crude alkaloid” (average 
0.982%). Warden did not succeed in obtaining a crystalline alkaloid 
from Indian coca, but does not consider the non-crystalline character 
detracts from its physiological activity (?). 

A. G. Howard {Pharm. Jour., 1889 [f/f], 19, 569) has published 
analyses of a large number of coca leaves from different sources. 
His results show that while Erythroxylon coca yields about 0.75% of 
alkaloid, the proportion obtainable from most other species of £ry- 
throxylon is extremely insignificant, and in some cases the alkaloid is 
wholly absent. In Brazil alone there are upward of 80 species of 
Erythroxylon. 

The following is the method of assay of coca leaves of the United 
States Pharmacopivia, Eighth Revision (1900). This method should 
be used in all work that in any way comes under the U. S. Food and 
Drugs Act. 

Coca, in No. 60 powder, 10 grm., 

Chloroform, 

Ether, 

Normal sulphuric acid V. S., 

Ammonia water. 

Distilled water, 

N/10 sulphuric acid, 

50 potassium hydroxide, 

Cochineal or iodeosin solution, each, a sufficient quantity. 

Place the coca in an Erlenmeyer flask, add 50 c.c. of a mixture of 
chloroform i volume and ether 4 volumes and insert the stopper 
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securely. Allow the flask to stand lo minutes, then add 2 c.c. of 
ammonia water mixed with 3 c.c. of distilled water, and shake the 
flask well, at frequent intervals, during i hour. Then transfer as 
much as possible of the contents of the flask to a small percolator 
which has been provided with a pledget of cotton packed firmly in tlie 
neck, and insert in a separator containing 6 c.c. oi N/i sulphuric acid, 
diluted w’ith 20 c.c. of distilled water. When the liquid has passed 
through the cotton, pack the coca firmly in the percolator with the aid 
of a glass rod, and, having rinsed the flask with 10 c.c. of chloroform- 
ether mixture, transfer the remaining contents of the flask to the per- 
colator by the aid of several small portions (5 c.c.) of a chloroform- 
ether mixture, using the same proportions as before, and continue the 
percolation with successive small portions of the same liquid (in all 
50 C.C.). Next, shake the separator well for i minute, after securely 
inserting the stopper, and when the liquid has completely separated, 
draw off the acid liquid into another separator. Add to the chloroform- 
ether mixture 10 c.c. of a sulphuric acid mixture, using the same pro- 
portions as before, agitate well and again draw off the acid liquid. 
Repeat this operation once more, drawing off the acid solution as 
before into the second separator, introduce a small piece of red litmus 
paper, add ammonia water until the liquid is distinctly alkaline, and 
shake out with 3 successive portions of ether (25, 20 and 15 c.c.). 
Collect the ether solutions in a beaker, place it on a water-bath tilled 
with warm water, and allow the ether to evaporate entirely. Dissolve 
the residue in 3 c.c. of ether, and let this also evaporate completely. 
To the alkaloidal residue add 4 c.c. of N / 10 sulphuric acid, and live 
drops of cochineal or iodeosin solution, then titrate the excess of acid 
with AT/ 50 potassium hydroxide. Divide the number of cubic centi- 
metres of iV/50 potassium hydroxide used by 5, subtracting tins 
number from 4 (the 4 c.c. of AT/ 10 .sulphuric acid taken), and multiply 
the remainder by 0.03 and this product by 10, to obtain the per- 
centage of ether-soluble alkaloids contained in the coca. 

The following method is given as it is a gravimetric method, based 
upon the well known and much used Keller method of alkaloidal 
assay: 

K. de Jogg (Chem. C. R/., 1905, 2, 16) recommends the following 
modification of Keller’s method for the assay of coca leaves: 25 grm- 
of the dried and powdered leaves are moistened with 10 c.c. of ammonia 
and shaken during half an hour with 20 c.c. of ice-cold ether in a well- 
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closed flask. The mixture is then shaken with 6o c.c. of ice water, 
and filtered through cotton, and loo c.c. of the filtrate arc shaken out 
in a separatory funnel successively with 50 and 25 c.c. of 0.5% 
hydrochloric acid, filtering the acid solutions through a well wetted 
filter. After shaking the filtrate once with ether, it is neutralised 
with ammonia, and shaken out successively with 50 and 25 c.c., and 
a third and fourth portion of a few c.c. of ether is distilled off from 
the united solutions, and the last traces of adhering water are removed 
from the residue by alternately heating and passing air through the 
weighing flask. The residual alkaloid represents all the bases con- 
tained in the coca leaves except the benzoyl-ecgonine {Pharm. 
■Ill; I, 87.) 

Although not presented in the form of a regular assay method of coca 
alkaloids the following experimental work of William Garsed {Pharm. 
Jour., 1903, 784-791) is worthy of consideration. Several alternative 
methods are discussed and the author’s conclusions are given. 

Process No. i. The crude alkaloid is weighed, dissolved in dilute 
.sulphuric acid and subjected to tlic action of potassium permanganate. 
The unoxidised alkaloid is re-extracted and weighed; the loss in weight 
represents the amount of cinnamyl-cocaine present. The re-extracted 
alkaloid is then subjected to alkaline hydrolysis, and the truxillic and 
l)cnzoic acids separated by taking tidvantage of the insolubility of the 
former in water. From the quantity found of each, the respective 
amounts of truxilline and cocaine originally present can be calculated. 
This process admits of the direct determination of the benzoic acid. 

Process No. 2. The crude alkaloid is at once subjected to alkaline 
hydrolysis, the cinnamic acid determined by the bromination method, 
and the truxillic acid by taking advantage of its insolubility in water. 
The amount of truxilline and cinnamyl-cocaine present is then cal- 
culated, and the difference between the combined weight and the 
weight of crude alkaloid originally taken represents the amount of 
cocaine present. 

Kach process was tried on 2 samples of crude alkaloid, extracted 
respectively from Truxillo and Java leaves. The results are given in 
the following table: 
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ALKALOID FROM TRUXILLO COCA. 

Process No. i | 

Process No. 2 

Crude alkaloid taken 


0.1540 grm. i 

0.1333 firm. 

1 ■ Grm. % i 

Truxilline found o.oaSo— x8.a j 

Cinnamyl-cocaine found ' 0.0^56-23.1 1 

Cocaine found j 0.0800 — 52.0 1 

Grm. % 
0 . 0230 - 17,8 

0. 0165 — J ^ .4 

0.0847-68,8 

(by difference.) 

Total found 0.1436 — 93.3 

o.i 23 a“ioo.o 

ALKALOID FROM JAVA COCA. 




Process No. i [ 

Process No. 3 

Crude alkaloid taken 




; 0.3010 grm. 

0. a 1 08 grm. 

Truxilline found 

Cinnamyl-cocaine found 

Cocaine found 

j Grm. % 

. . .! 0.0164— 8.1 

0 . 1034 — 51.0 
0.0740-37.0 

Grm. % 
0.0197- 9 .? 

0.0801 — 38,0 
0.1110 — 53.7 
(by difference.) 


Total found 


o.io»8*-96.i o.aioS — ioo.o 


The process appeared equally good as far as the determination of 
truxilline is concerned ; process No. i has the advantage that the cocaine 
is estimated by difference; in process No. i the cinnamyl-cocainc is 
estimated by difference, and comes out considerably higher than in 
process No. 2. This is what may be expected, as any impurities 
oxidisable by permanganate would be calculated as cinnamyl-cocaine, 
The sum of the presentage results in process No. i is over 90, ami as 
it is certain that cocaine and truxilline are practically unaffected during 
the oxidation of the cinnamyl-cocaine, preference must be given to the 
permanganate process. In process No. 2, the fact that cinnamic acid 
readily absorbs bromine, while benzoic and truxillic acids, being 
saturated substances, do not absorb any bromine, is utilized for the 
direct estimation of the cinnamyl-cocaine. 

H. T. Pfeiffer (C/tem. Zeit.y 1887, li, 783, 818) has described the 
following process of manufacturing crude cocaine hydrochloride direct 
from coca leaves: The disintegrated leaves are digested in closed 
vessels at 70® for 2 hours, with a very weak solution of sodium hydrox- 
ide and petroleum boiling between 200-250®. The mass is filtered, 
pressed while still tepid, and the filtrate allowed to stand until the 
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petroleum has completely separated from the aqueous liquid. The 
former is then drawn off and carefully neutralised with very weak 
hydrochloric acid, when a bulky, white precipitate of cocaine hydro- 
chloride is obtained, together with an aqueous liquid from which a 
further quantity of the salt can be recovered by evaporation. 

The dried product contains about 75% of real alkaloid, besides 
traces of “hygrine,” gum, and other matters. A repetition of the 
process proved that the whole of the alkaloid was removed by a single 
treatment. The sodium hydroxide cannot be substituted by lime, nor 
the hydrochloric acid by other acid. 

For the assay of coca,^ v. d. Marck (Jour. Pharm. [v]^ 20, 500; 
Analyst, 1889, 14, 115), after a trial of various processes, recommends 
that 50 grm. of the leaves should be mixed with 20 grm. of calcined 
magnesia and moistened with a little water, dried at 60°, and the 
mixture exhausted with ether. The ether is distilled off, and the 
residue treated with 30 c.c. of 2% hydrochloric acid. The solution is 
filtered, and repeatedly shaken vvdth ether to remove colouring-matters. 
Ammonia is then added, and the cocaine extracted by shaking 3 times 
with 25 c.c. of ether. After standing for a short time over some frag- 
ments of calcium chloride, the ether is evaporated, and the residual 
alkaloid weighed. 

A more detailed method based upon the decomposition of the cocaine- 
containing substance (glucoside) with magnesia and estimation of 
total alkaloids has been proposed by E. Leger (/. Pharm. Chim., 
1904, 19, 334). Having determined the amount of moisture in a small 
amount of the powdered leaves, a quantity of the same powder equiv- 
alent to 25 grm. of the dried leaves is intimately mixed into a mortar 
^itli 5 grm. of magnesia and 15 c.c. of distilled water. The mixture 


J Cocaine Estimation aa Di-iodo-cocaine hydriodide. W. Garsel and J. N. Collie (Proc 
'-nem. Soc., 1907, 17, 89) have communicated the result of their researches undertaken 
with the object of finding a method for the fairly accurate estimation of cocaine in small 
quantities, either when free or mixed with benzoyl eegonine and eegonine, the products of 
hydrolysis of pure cocaine. The estimation of cocaine in presence of cinnamyl cocaine and 
isatropyl cocaine, and other substances with which it is associated in coca leaves has, 
h'Jweyer not been attempted. When a solution of cocaine in the form of a salt containing 
aoout 1% of cocaine base is titrated by adding excess of N/10 iodine solution till the 
P P.'i’^htant liquid contains excess of iodine, a precipitate of Di-iodo-cocaine hydriodide, 
Hill, is formed. The excess of iodine in solution can then be estimated by 
sodium-thiosulphate solution, The precipitate di-iodo-compound can be collected 
na weighed, or the cocaine estimated by the amount of iodine used. Any cocaine salt can 
since the potassium iodide in the solution reacts with the salt producing the 
Ir P‘'io<10'COcaine hydriodide is a remarkably stable and cr^'stalline compound, 
estin, in large glistening crystals of consUnt composition. Cocaine can be 

>n presence of eegonine, as eegonine forms a soluble iodo-compound. Benzoyl 
i^nwever, interferes to a considerable extent with the estimation of cMaine. 
light !!’ fact that both benzoyl eegonine and eegonine arc insoluble in ether or 

fhp „v« ®^ni, a separation can be effccteo, as cocaine is soluble in both these solvents, 

extracted cocaine can then be weighed directly or titrated with iodine. 
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is introduced into a i -litre wide-mouthed, glass-stoppered flask md 
treated with 625 c.c. of ether, sp. gr. 0.721, saturated with water. 
The flask is then stoppered, tied down with a piece of cloth, well 
shaken up, and set aside for 12 hours, with frequent agitation. The 
whole is then shaken up, transferred to a filter, the filtrate collected 
in a 500 c.c. graduated flask, the funnel being covered with a glass 
plate during filtration. The 500 c.c. of filtrate thus collected, equiv- 
alent to 20 grm. of dry powder, is distilled in several portions from a 
dry 250 c.c. flask by plunging the latter in warm water. The green 
residue is dissolved in 20 c.c. of neutral ether, 10 c.c. of N/ 10 hydro- 
chloric acid, and 20 c.c. of water are added, the flask covered with a 
rubber stopper and agitated. The whole contents are then transferred 
to a separator, and the acid liquid, after separation, withdrawn into a 
conical flask. The ether layer is then twice shaken out with 25 c.c. 
of distilled water, these washings being added to the acid liquid in 
the flask. This acid solution is filtered through a moistened double 
filter into a wide-mouthed glass-stoppered 500 c.c. flask, and the filter 
thoroughly washed through into the same. Sufficient distilled water 
is added to make up the volume to 150 c.c., when sufficient neutral 
ether to give a layer i cm. deep is added. 5 or 6 drops of 0.2% iodcosin 
solution are then added, and the amount of free acid titrated back in 
the usual manner with N/10 potassium hydroxide solution. The 
number of c.c. of acid thus found to be combined with the coca alka- 
loids, multiplied by 0.1535, gives the percentage of these in the powder. 

For the estimation of the cocaine in coca leaves, A. B. Lyons {Jour. 
Pharm. [2;], 13, 197) recommends that the finely-powdered leaves 
should be macerated for 24 hours with 8 times their weight of a mixture 
of 95 volumes of ether with 5 of ammonia. From an aliquot part of this 
liquid the alkaloid is extracted by agitation with acidified water, the 
ether separated, and the alkaloid liberated from the aqueous liquid by 
means of ammonia and again extracted with ether, which is then evapo- 
rated to dryness and the cocaine weighed. The associated bases, 
being soluble in water and insoluble in ether, remain in the ammoniacal 
liquid. Lyons states that coca leaves do not contain more than 0.8% 
of cocaine, and sometimes the proportion is as low as 0.15%- The 
leaves rapidly deteriorate in value, so that in 6 months they are 
practically worthless. The product from deteriorated leaves is always 
more or less coloured, and very little of it is crystallisable; while that 
from good leaves is almost colourless, and easily crystallises. 
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M. Bignon (Lima) states that coca leaves dried in dry weather, 
with frequent turning, and sheltered from dew and moisture, yield 
easily 0.8% of alkaloid, and the finer sorts can give 1.0% and upward 
under exceptional circumstances. Coca leaves dried in damp weather, 
or pressed into sacks before being completely dried, undergo a gradual 
fermentation which ends in the complete destruction of the cocaine. 




OPIUM ALKALOIDS. 


By frank O. TAYLOR. 

Opium, the nature and character of which are described at length 
on page 354, is remarkable for the large number of nitrogenised 
organic principles contained in it. Over 20 alkaloids have been isolated 
from opium and the list is probably still incomplete. Most of these 
substances have well defined basic properties, and the majority are 
poisonous. Some of them, as morphine and narcotine, occur in 
opium in considerable quantity, but the greater number are present 
in small proportions, and are entirely absent from some samples. 

The following table exhibits the leading character of the alkaloids 
which have been recognised in opium. In some cases the basic 
character is slight, while certain of the alkaloids {e. g., pseudo-mor- 
phine, oxynarcotine) are probably decomposition products. The 
quantities given as present are only approximate and may vary widely, 
particularly for morphine and narcotine. 

In addition to the alkaloids in the above list, deuteropine, opionine, 
papaverosine, and porphyroxine have been described, but their existence 
as individuals is very doubtful. 

With one or two exceptions, the alkaloids of opium are strictly 
peculiar to Papaver sotnnijerum; while, on the other hand, the poisonous 
alkaloid sanguinarine, which is present in all other papaveraceous 
plants, does not appear to exist in Papaver, Indeed, with the exception 
of protopine, which is probably identical with the interesting alkaloid 
^acleyine, CjoHjgOjN, obtained by Eykman {Year-hook Pharm.^ 
1882, p. 33) Macleya cordata (a poisonous Japanese plant), none 
of the nitrogenised substances found in opium appear to be identical 
^ith any of those extracted from other plants of the family. '• 

f ' A identical with, or similar to, narcotine was isolated by T. and H. Smith from the 

of the roots of Aconitum Naptllus. but other observers have not confirmed this 
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Constitution of Opium Bases. 

Some of the opium bases are isomeric, while others are homologous, 
or else differ from each other by the increments CjHj, CO, Hj, HO, or 
multiples of these. 

The tendency to combine with each other to form stable crystalline 
compounds, which renders the isolation and study of the cinchona 
bases so difficult (see Homoquinine), does not seem to exist in the case 
of the opium alkaloids. 

The various opium alkaloids may be classified broadly in 2 groups, 
the morphine group, comprising morphine, codeine, pseudomorphine 
and thebaine; the second, the papaverine group, consisting of most 
of the remaining alkaloids. The first group arc strong bases and very 
poisonous while the second group alkaloids possess as a whole little 
physiological action. 

Since the last previous edition of this volume an immense amount of 
work has been done on the constitution of the opium alkaloids and the 
most important ones are fairly well understood, though even yet there 
remain questions such as the exact manner of attachment of the nitro- 
gen-containing chain in the morphine molecule on which there is not 
complete agreement by the most prominent investigators. Some 
alkaloids of opium, as for example papaverine and landanosine, may 
be considered as having their constitution established, and while mor- 
phine, codeine and thebaine still remain of slightly uncertain character, 
yet their relation is well understood and large numbers of derivatives 
of known constitution have been obtained. 

A theoretical discussion of the constitution of these alkaloids is out 
of place in a work of this kind except as it may have direct bearing on 
analytical work and hence only very brief statements will be included 
r^’garding their structure. 

Morphine^ codeine and thebaine are so closely related that they may 
he considered together. The early researches of Wright, Grimaux, 
Hesse, Skraup and Knorr began the attack on this problem and the 
later work of Knorr, Pschorr, Vongerichten and others has brought it 
to almost complete solution. It was early shown that morphine con- 
tained 2 hydroxyls, i phenolic and the other groups alcoholic in char- 
acter. By methylation of the phenolic hydroxyl, codeine is formed 
and in a similar manner related derivatives may be produced. Like- 
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wise acid radicals may be introduced at this point giving substances 
such as acetyl morphine. 

Codeine by oxidation with potassium permanganate in acetone 
solution or by chromic acid in sulphuric acid is converted from a 
secondary alcohol into the ketone Codeinone, as shown by Ach and 
Knorr (Ber., 36, 3067), and this body may be reconverted into codeine. 
Freund ( 5 er., 39, 844) has shown that thehaine may be converted into 
codeinone by first converting into bromcodeinone by treatment with 
bromine in chloroform solution and subsequent reduction of this sub- 
stance, w’hile Knorr and Horlein (Ber., 39 » 1409) accomplish the same 
result by boiling with N/i sulphuric acid for 6 or 7 minutes and 
shaking out this solution with ether after making alkaline. 

The most probable formula for morphine may be considered, as 
given by Knorr and Horlein (Ber., 40, 334 1)> 



and the relationship of these three important alkaloids may be indi- 
cated as follows: 


—OH 

— CH.OH — Ci^Hj.ON 


-CH, 


-O.CH3 

-CH.OHr^ 


Morphine. 


i-CH, 

Codeine. 


C.^HhON 


-O.CH, 

-C«0 - C,,H,*ON 
-CH, 


-O.CH, 

-C.O.CH3 

— CH 


Codeinone. Thebaina. 

The poisonous characters of morphine, which are both narcotic and 
tetanic, are shared qualitatively by its derivatives, such as codcinci 
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ethyl-morphine, amyl-morphine, mono- and diacetyl- morphine, and 

benzoyl-morphine.^ 

When further substitution takes place, as in chlorocodeine and 
mcthocodeine, the product is not merely a nerve-poison, but a muscle- 
poison. By dehydration with hydrochloric acid or zinc chloride, 
apomorphine is produced which has a physiological action much differ- 
ent from morphine, being strongly emetic instead of narcotic. 

Pseudomorphine was formerly represented by the formula 
Ci7Hig04N as given by Hesse, but more recently Polstorff {Ber., 19, 
1760) has shown that it has the formula or (Cj^- 

Hi 8^3^)2> which Hesse agreed. Its formation by oxidation 
of morphine may be indicated as follows; 

2 C, 7 H,, 03 N-f 0 =(C, 7 H,AN )2 + H,0. 

Morphine. Pseudomorphine. 

It probably has therefore the constitution of an oxydimorphine and 
as a tetracetyl derivative is produced by heating pseudomorphine 
with acetyl chloride. The four hydroxyl groups evidently remain 
intact and the hydrogen atoms lost in the formation from mor- 
phine must have been united with carbon. On the other hand, 
M. P. Cazeneuve {CompL Rend., 1891, 112, 805) has obtained a 
violet colouring matter of definite composition by acting on morphine 
with />-nitroso-dimethylaniline. This dye appears to be an indamine, 
analogous in constitution to Bindschedler’s Green; whereas, if pseudo- 
morphine were derived from two molecules of morphine, the colouring 
matter would have contained two morphine residues, and have had the 
constitution of a safranine. 

Narcotine, CjjH^O^N, contains three metlioxyl groups, the first two 
methyl groups of which may be successively removed by heating the 
alkaloid with strong hydrochloric acid, forming, first, dimethylnornar- 
coline and then methybornaTcotine. By further heating witli fuming 
l^ydriodic acid the third group is removed, forming nornarcotine and 
J^cthyl iodide. It is a tertiary base and contains neither carboxyl 
nor aldehyde group. 

By heating with water under pressure at 150°, or with sulphuric 
acid or baryta-water, it is decomposed into the base hydrocotamine 
and the non-nitrogenous opiunic acid, 

anhydrous morphine with excess of bentoyl chloride to loo-i lo^ a dibenzoy 
tui.u t)e obtained and the diacctyl derivative may be produced in like manner 
with acetyl chloride. 
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C„H„ 0 ,N + H, 0 = C ,„H .„ 0 , + C „N .. 0 ,N. 

Narcotine. Opianic acid. Hydrocotamine. 

By reduction with zinc and hydrochloric acid, a similar change is 
produced giving, however, in place of the opianic acid another product 
mecaniTiy 

C32H„07N-f-2H=C,oH,oO,+C,2H,503N. 

Narcotine. Meconin. Hydrocotamine. 

By strong oxidation, as with nitric acid, there is formed opianic acid 
and cotaminCy 


C3,H„0,N + H, 0 + 0 -C,oH,o 03 -fC,,H, 30 ,N, 

Narcotine. Opianic acid. Cotarnine. 


and by the further oxidation of opianic acid the related hetnipinic acid, 
CioHjqO^, results. By nascent hydrogen opianic acid is reduced to 
meconine and by the action of soda-lime gives methyl-vanillin, 
CgHioOj, which by boiling with hydrochloric acid yields vanillin, 
CgHjOj (see Dott, Pharm. Jour, [m], 14, 641). 

The relation of these products may be shown as follows: 


COOH 


CHO 


CH ,— 0 

A / 


CHO 



—COOH 

1 

—COOH 


—CO 


\ ) 

—OCH, i 

IJ 

—OCH, 


—OCH, 

k ) 


Y 


OCH, 

Hemipinic acid. 


OCH, 

Opianic acid. 


>CH, 

Meconin. 


l~OCH, 


OCH, 

Methylvanillin. 


The first three bear the relation of acid, aldehyde and lactone 
having the phthalide form. 

Cotarnine was considered by Roser to have an aldehyde form, 
which was also favored by Freund and Becker, but Dobbie, Lauder 
and Tinkler {Proc. Chem. Soc.y 19, 75) from an investigation of its 
spectrum consider it to have a carbinol form in the solid state or in 
solution in ether or chloroform, which changes to an ammonium 
hydroxide form in water or alcohol. 

Salway (/. Chem. Soc.y 1910, 97, 1208) has synthesised cotarnine so 
that now the synthesis of narcotine is complete. 

The formula of cotarnine of the carbinol form and of hydrocotamine 
may then be given as follows: 
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N.CH, 

oYH.'fcH.OH 



OCH, CH, 

jlydrocotarmoe. 


Taking 


4. 



we niay 


OCH, 

V nnsidet the formula oinarcotiive 

then consmei 


to be 


CH, 


^H.CH 

CH-0 



6ch, 

"‘""Tvk waa the first natural 
• weah tertiary . jj contains 4 methoay 

“ llltquinolinedenv^.^ .jo” « 

1 ■ 1 J__OCH, 
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CH,- 


-OCH, 
— OCH, 


From this and other considerations, the formula of papaverine may 
be given as below, which indicates its relationship to narcotine, 



Narceine is closely related to narcotine and was originally assigned 
the formula CgjHjgOjN+aHjO, but the more recent researches of 
Freund and Frankfurter (-dnn., 277, 20) indicate that it should be 
Cj|H,70gN.3H,0. Roser {Ann.^ 247, 167) succeeded in converting 
narcotine into narceine by treating narcotine methylchloride with 
aqueous solution of sodium hydroxide when narcotine methylhydroxide 
is precipitated. On heating with steam this changes into the base 
Cj3H,70gN.3H20. The constitution of narceine may be expressed 
by the following formula: 




Narceine. 
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Two other alkaloids related to narcotine are Oxynar cotine and 
Gnoscopine. The former has the formula Cj^HjgOgN and differs 
from narcotine in that by treatment with ferric chloride it decomposes 
into cotarnine and hemipinic acid, whereas opianic acid results from 
narcotine. The latter is probably a stereoisomer of narcotine. Bob- 
bie and Lauder {Jour, Chem. Soc., 83, 605) have shown that the 
absorption spectra of the 2 alkaloids is the same. 

Laudanosine may be produced by reduction of papaverine methyl- 
chloride with tin and hydrochloric acid and the separation of the 
racemic mixture thus formed by use of the quinic acid salts. It has 
been shown by Pictet and Athanasescu {Ber., 33, 2346) to be dextro- 
n-methyl-tetrahydropapaverinCy 



V-OCHg 

OCH, 

Laudanosine. 

Related to laudanosine are Laudanine and Laudanidine, the former 
being n-metkyl-tnmetiiylpapaveroliney according to Hesse’s w^ork on 
laudanosine and production of the monomethyl ester of laudanine, 
and the latter is apparently its levo-modification. 

General Characters of Opitim Bases. 

Morphine, codeme, thebaine, papaverine, narcotine and narceine 
are the most important of the alkaloids of opium. The opium alka- 
loids form a group of which all the members exert a more or less 
narcotic and tetanising action, but in very varying degree. Thus 
J^orphine is almost purely narcotic and thebaine almost purely tetan- 
ising in its action.^ Morphine, codeine and thebaine have strongly 

verSi'n appears to be the most poisonous of the leadinR alkaloids of opium. Papa- 
“Ppears to possess only very slight poisonous properties, if any. 
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marked basic characters. They are strongly alkaline to litmus, and 
afford stable salts. ^ Papaverine, narcotine and narceine, on the con- 
trary, are very weak bases (compare page 354). 

The free alkaloids of opium are generally but slightly soluble in 
water, but dissolve more readily in alcohol. In many instances the 
solutions of the free alkaloids are strongly alkaline to litmus. On the 
other hand, certain of them (e. g., morphine, narceine, laudanine) ex- 
hibit a distinct phenoloid character, and form definite compounds with 
the alkalies. The different behaviour of the opium bases to slovents 
affords a valuable means of distinguishing and separating them. 
They are precipitated from concentrated solutions of their salts by alkali 
hydroxides and alkali carbonates, some of the precipitates dissolv- 
ing in excess of the reagent. Most of the opium alkaloids (except 
papaverine and laudanosine) have a kevorotatory action on polarised 
light, but the specific rotatory power varies so greatly with the solvent 
and the concentration of the solution that the fact has a very' limited 
practical value. Many of the opium alkaloids furnish characteristic 
colour-reactions when treated with strong acids and oxidising agents, 
which, with obsen^ations of their m. p., crystalline form, and be- 
haviour with solvents, will suffice for the recognition of most of them 
when in an unmixed state. Their separation is described on page 
370, et seq. 


Behaviour of Opium Bases with Solvents. 

The following table shows the recorded behaviour of the opium 
bases with solvents though in some cases, notably morphine, widely 
discrepant statements exist so that the figures are in some cases only 
approximate. Several of the more important derivatives of morphine 
and codeine are included in a second table. The figures are the num- 
ber of parts of the solvent required for the solution of i part of the 
alkaloid. 

The solubility of opium bases, as of other substances, is much 
affected by the physical condition of the alkaloids, and to some extent 
by the manner of making the experiment. 

> Codeine is distinctly more strongly basic than morphine, and a method of determining 
the former alkaloid has been baaed on the fact. 



i Petroleum 



soluble. j soluble. soluble. 



Water ' Water with 
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Soluble; Soluble Slightly Very 

pptd. by ! soluble. soluble. 



behaviour of opium bases with sovlents. 365 



• Great discrepancies occur in the description of this reaction. 
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Colour Reactions of Opium Bases. 

Many of the opium alkaloids give brilliant, and in some cases 
characteristic, colour reactions with mineral acids, with or without 
the aid of heat and the addition of oxidising agents. The colours 
obtained vary somewhat with the mode of applying the test and with 
the oxidiser employed. The colours obtained are modified in a 
marked manner by very slight traces of oxidising agents in the sulphuric 
acid used, and hence this reagent should be scrupulously free from 
iron and oxides of nitrogen. E. Kauder recommends that the purity 
of the sulphuric acid should be tested by codeine, which should give 
no colour even on heating, while in presence of the faintest trace of 
iron, such as may be taken up from long keeping in a bottle of common 
glass, a violet colouration is produced. 

The colour reactions of the opium alkaloids are best observed in 
the manner described in detail on page 367 et seq. 

Many of the colour reactions of the opium bases defy classification, 
and such of these as appear of value are described under the alkaloids 
to which they refer; but the accompanying tables show many of the 
better-known reactions of the more important opium bases, according 
to the most reliable observers. 

If a trace of narceine be evaporated with dilute sulphuric acid at 
100® a beautiful violet-red colouration appears as soon as the liquid 
is sufficiently concentrated, changing to cherry-red by continued 
heating. After cooling, the addition of a trace of nitric acid or a 
nitrite produces bluish-violet streaks in the red liquid. The test, 
which is due to Plugge (/. Chem. Soc.^ 1888, 52, 870), is said to be very 
delicate and characteristic. With traces of morphine, codeine, or 
papaverine the liquid remains quite colourless; with larger quantities 
of either of the two former bases a faint rose-red tint is obtained, with 
thebaine a greenish-yellow to brown colour, and with narcotine a red 
to reddish-brown. 

According to Serena {Analyst^ 1885, 10, 149), the following colour 
reactions are produced on treating certain of the opium alkaloids 
successively with a few drops of concentrated sulphuric acid and a 
very small quantity of a dilute solution of ferric chloride, with the aid 
of slight heat 
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Alkaloid 

With sulphuric acid 

j On adding ferric chloride 



Not chanced 



j the bluish- green mass becom- 
i ing light violet on heating. 

Codeine 

Light violet- red, deepened 
heat. 

by ; Sky-blue. 

Papaverine^ 

Purplish-red 


Opionine 

No colouration 

...: Green; rapidly becoming deep 
blue. 

Narceine 

Coffee-brown 

. . . . Dluish-grecn. 

Codamine 


. . . .' Green-blue; at 100°, violet. 

The following table shows the colour reactions observed by Hesse 


( 7 . Chem. Soc.y 24, 1905, 1064) when certain of the opium bases are 
treated with pure concentrated sulphuric acid, and with acid containing 
traces of oxide of iron or oxides of nitrogen. The reactions with ferric 
chloride are also shown. 


Alkaloid 

With pure sulphuric acid 

With acid containing 
oxide of iron 

With ferric 
chloride 

At 30" 

At 150° 

At 30 ® 

At ISO® 

Codeine 

Colourlcs.s. . , 

Dirty green.*; Blue 

Dirty green . 

No reaction. 

Codamine 

Colourless. . . 

Dirty red- 
violet. 

Intense 
green -blue. 

Deep violet . 

Dark green. 


Colourless. . . 

Brownish- 

yellow. 



No reaction. 




Laudanine 

Very faint 
rose-red. 

Deep red- 
violct. 

Intense rose 
colour. 

Green, 
changing to 
deep violet. 

Emerald- 

green.* 

Laudanosine 

Faint rosc- 
red. 

Deep red- 
violct. 

Brownish- 
red (resem- 
bling cobalt 
nitrate so- 
lution). 

Green, 
changing to 
deep violet. 

No reaction. 

Protopine 

Yellow, 
changing to 
red and 
bluish- red. 

Dirty green- 
ish-brown. 

Deep violet. 

Dirty green- 
ish-brown. 

No reaction. 

Cryptopine 

Violet, 
changing to 
green and 
yellow. 

Dirty green . 

Deep violet. . i 

Dirty green . 

No reaction. 

Eydrocotamine. . . 

Yellow 

Crimson-red, 
changing to 
dirty red- 
j violet. 


Dirty red- 
violet. 



isn„r. — ri '* ^ riciei ana K.ramers Korr., 1910. 43 » 

pure. If containinR some cryptopine, bluish-violet changing to green and yellow 

^ E- Kauder {Pharm. Journ. [Ill], 18, a 50). if the sulphuric acid be quite 
if tro"® ^colouration is yielded with codeine even on heating, but a blue colour is produced 
jraces of iron be present. 

According to Merck, laudanine gives a violet colour with ferric chloride. 
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Cryptopine dissolves with violet colour, changing to deep blue 
and fading to greenish on standing or heating to 150®. In presence 
of oxide of iron, cryptopine is said to dissolve in sulphuric acid with 
deep violet-rose colour, changing to violet and deep blue, and be- 
coming greenish on heating to 150®. The hydrochloride gives a 
yellow coloration when first treated with acid. 

A. Pfister {Chem. Ztg. Rep.y 1908, 32, 494) gives the following colour 
reactions for several opium alkaloids and derivatives. 


Alkaloid 

Reagents and reactions 

Frohde's 

Mahde- 

lin’s 

Marquis’ 

Lafon's 

Pcrrio 

furfurol chloride 

Apomorphine 

Green 
changing 
to blue. 

Green 
changing 
to blue. 

Violet .... 

Blue to 
greenish- 
brown. 

E vanes- i Red cuffee 

centred; color, 
violet 1 

with heat 

Codeine I Green to 

1 blue. 

1 

Green; 
with heat 
blue. 

Violet .... 

Green. j 

1 

Dionine 

Green; 
with heat 
blue. 

Greenish- 
yellow; 
with heat 
green. 

Blue 

Green .... Purjile. . . . 

{ 


Purple 

Light 

green. 

Mulberry 
colour; 
with heat 
red. 

Green. 






Purple. . . . 

Green .... Purple. ... Green. 



Narceine 

Yellowish- 
brown; 
with heat 
brick red. 

[ Orange; 

1 with heat 

1 1 

YcUow . . . 

Bluish- 

brown. 

j 

i 


Intense 
green: 
with heat 
greenish- 
brown. 

Red 


Greenish- 
brown; 
with heat 
blo^- 
r^. 

1 

! _ 





Red 

Red 


Evanes- [ 
cent red. 






Hesse employs the colour reactions of the opium bases with pure 
sulphuric acid as a means of grouping them, thus: 
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Colouration at 150°. Alkaloids 


Dirty dark green Codeine, morphine, pseudomorphine. 

Dirty red-violet Codamine, laudanine, laudanosine, narcotine, hydro- 

cotamine. 

Dirty green to green-brown Thebainc, cryptopine, protopine. 

Dark violet or blue Papaverine.^ 

Black-brown to dark brown Narceine, lanthopine. 


With acid containing iron, codamine, laudanine and laudanosine 
are stated to give a dark violet colour, while narcotine and hydro- 
cotarnine react m the same way as with pure acid. 

It will be seen that several of the reactions described by Hesse differ 
in a marked manner from those recorded by other observers. As in the 
case of other colour observations, the only safe way is to compare the 
substance under examination side by side with products of known 
purity. 

Lafon’s reagent, prepared by dissolving i grm. of ammonium selenite 
in 20 c.c. of cone, sulphuric acid, is stated by da Silva {Compt. Rend.y 
1891, 1 12, 1266) to give the following colour reactions with the opium 
bases: Codeine, magnificent green colouration; morphine, greenish- 
blue, changing to chestnut-browm; narcotine, blue, turning violet and 
then reddish, with slight reddish precipitate after long standing; 
narceine, yellowish-green, changing to browm and red, with red pre- 
cipitate on standing; papaverine, blue, passing to dull green, violet and 
red, with a slight bluish precipitate on standing. 

By heating morphine with sulphuric acid and then adding a little 
chloral, on stirring a violet colour appears. With codeine a bluish- 
green colour is produced w'hich gradually changes to red and the 
change may be made more rapid by adding water or solution of sodium 
hydroxide. By the same treatment dionin reacts as does codeine, and 
heroin gives a brownish-red colour. The other papaveracem alkaloids 
are stated not to give colour tests in this manner. 

With a reagent consisting of a io% solution of hexamethylene- 
tetramine in sulphuric acid colour tests are given as follows: Morphine, 
purple; Codeine, bluish, turning green; Apomorphine, bluish-violet; 

States that, when absolutely pure, papaverine dissolves in small quantities 
cont A ^ j without colouration; but. generally, on warming a crystal of papaverine with 
tion in sulphuric acid, a dark blue colour is produced. Dott also obtains no coloura- 
heatimr • ® the blue colour on strongly heating only, A red colouration before 

K >» generally due to thebaine. See also note i, on page 367. 

VoL. VI.— 24 
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Narceine, saffron yellow; Papaverine, lilac, turning violet; Heroin, 
light yellow, becoming deep yellow and finally dark blue. 

For a description of several colour tests for narceine, narcotine and 
papaverine, some of which are similar to those already described, see 
Reichard {Pharm. Centr.-h., 1906, 47, 1028; 1907, 48, 44, 288, 313^ 
and 334 or J. Chem. Soc,, 1907, 92, 319, 414 and 592.) 

Estimation and Separation of Opium Bases. — Morphine, 
codeine, and thebaine may be titrated with ease and accuracy by a 
standard mineral acid, using litmus or methyl-orange as an indicator. 
On the contrary, they have little or no action on phenolphthalein, the 
reaction with which, however, is not sharp in the case of morphine. 

Papaverine, narcotine and narceine, on the contrary, do not affect 
litmus, and their salts may be titrated with litmus and standard alkali, 
just as if the acid were uncombined (Plugge, Pharm. Jour., 1890 [iii], 
20, 401); and the first two of them evince their feeble basic characters 
by the fact that they are extracted by chloroform from acid solutions. 
Their salts, especially with certain organic acids (e. g., acetic, benzoic), 
are very unstable, many of them being decomposed slowly by cold and 
rapidly by hot water. Hence, when a compound of the alkaloid with 
a mineral acid is treated with a neutral solution of acetate of sodium, 
or even with a slightly acid solution, the free alkaloid is precipitated.* 
A faintly acid solution of sodium acetate will indicate i part in 40,000 
of narcotine, i in 30,000 of papaverine, and i in 600 of narceine, none 
of the other opium bases being precipitated. 

On the foregoing and similar facts, P. C. Plugge (Analyst, 1887, 
12, 197) has based the following process of separating the leading 
alkaloids of opium. The aqueous solution of the hydrochlorides is 
mixed with a concentrated solution of sodium acetate, and filtered 
after 24 hours. The precipitate, consisting of pure narcotine and 
papaverine, is washed with a little water, and dissolved in a minimum 
of dilute hydrochloric acid. The liquid is diluted till it contains not 
more than 1/400 of narcotine, when potassium ferricyanide is added. 
This precipitates papaverine very perfectly. After standing 24 hours 
the liquid is filtered, and the precipitate of papaverine hydroferricyanide 
either weighed as such, or washed with a little water, decomposed by 
dilute sodium hydroxide, and the liberated alkaloid dissolved in dilute 


* TWi obiervation it due to P, C. PluMe {Arch. Pharm. [»m 1 . 34, 904; Analyst, 

197). The reaction not only dittin^ishM papaverine, narcotine and narceine 
phiM. codeine, and thebaine. but auo from caffeine, cocaine, conine, atropine, Pfe* 

atrydifiine. brucine, quinine, cinchonine and cinchonidine. The cinchona bases 
dpitated if the sodium acetate is at all alkaline. 


COLOUR REACTIONS OF OPIUM BASES. 


371 


acid and reprecipitated with ammonia. In the filtrate from the pre- 
cipitate produced by the ferricyanide the narcotine is precipitated by 
ammonia. The filtrate from the precipitate produced by sodium 
acetate is concentrated to a small volume at 100°, cooled thoroughly, 
and filtered after 24 hours. The deposited narceine is filtered off, and 
washed with a little water. The filtrate is mixed with a strong solution 
of sodium salicylate, and the crystalline precipitate of thehaine salicylate 
separated after 24 hours, and washed with a little water, dried at 100°, 
and weighed. On subsequent treatment on the filter with dilute sodium 
hydroxide or ammonia, till the washings are free from salicylic acid (as 
indicated by evaporating to dryness, and the non-production of a violet 
colouration on moistening the residue with ferric chloride), pure thehaine 
is left. The filtrate from the thebaine salicylate is acidified with hydro- 
chloric acid, the precipitated salicylic acid filtered off, and the filtrate 
repeatedly shaken with chloroform. This dissolves the remaining 
salicylic acid, and traces of narceine and thebaine, which may be 
recovered by evaporating the chloroform. The acid liquid separated 
therefrom is concentrated somewhat, made exactly neutral to litmus, 
and mixed with potassium thiocyanate (sulphocyanide), which throws 
down the codeine as an acid thiocyanate. 24 hours should be allowed 
for its complete separation.^ The filtrate should be treated with a 
slight exce.ss of ammonia, and time allowed for the separated morphine 
to become crystalline. The liquid is then shaken with chloroform or 
ether to remove the remainder of the codeine and traces of other bases. 
After separation it is acidified to dissolve the morphine, heated to 60°, 
and the morphine shaken out with hot amylic alcohol, after addition 
of a slight excess of ammonia or carbonate of sodium. Plugge’s 
results, obtained in test experiments, except in the separation of codeine 
and morphine, were very satisfactory, considering the difficult nature 
of the problem to be solved. * But the methods are not to be regarded 
as having the same quantitative accuracy as those for the separation 
of the metals. 

Another method of separating the principal alkaloids of opium 
consists in treating the solution with an alkaline carbonate or ammonia, 
and agitating with benzene, when morphine and narceine are left 

®«P»nitlon of codeine and morphine by this process Is very imperfect. If the solu- 
on De strong, morphine is precipitated with the codeine, and if this condition be avoided 

,”^P*‘®C‘P>tation of the codeine is incomplete. In test-experiments Plugge only recovered 
flitn codeine used. Hence it is better to omit the precipitation with thiocyanate 
u J°8nher, precipitate the morphine with ammonia, and extract the codeine from the filtrate 
y etner or chloroform, after adding sodium hydroxide (compare page 393). 
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insoluble, the remainder passing into the benzene. Much the same 
separation occurs with chloroform, except that pseudomorphine is 
left with the insoluble alkaloids. 

D. B. Dott communicated to A. H. Allen the following method of 
separating the chief bases of opium: Treat the solution of their mixed 
hydrochlorides with a io% solution of sodium hydroxide, and wash the 
precipitate, which will consist of narcotine, papaverine and thebaine, 
the alkaline solution containing morphine, codeine and narceine. On 
agitating the filtrate with chloroform, the codeine will be extracted ; and 
on separating the alkaline liquid, acidifying it, and rendering it faintly 
alkaline with ammonia, the morphine will be precipitated, the narceine, 
from its greater solubility, remaining dissolved. It can be recovered 
by evaporating the liquid to dryness and treating the residue with 
strong alcohol. From the bases precipitated by sodium hydroxide, 
the thebaine can be separated fairly well by crystallisation as acid 
tartrate. 

Narcotine, and papaverine may also be separated from thebaine 
(and codeine) by dissolving the free bases in dilute alcohol, rendering 
the liquid faintly acid with acetic acid, and adding 3 volumes of 
boiling water, when the narcotine and papaverine are precipitated; 
or sodium acetate may be used as already described. Narcotine 
and papaverine may likewise be separated by solution in boiling 
water containing 1/3% of oxalic acid, when an acid papaverine 
oxalate crystallises out on cooling. The process should be repeated 
several times, and the narcotine finally precipitated by ammonia and 
crystallised from boiling alcohol. 

The following is an epitome of Hesse’s method of separating the 
rarer opium bases from the mother-liquors left from the preparation 
of morphine by the Robertson-Gregory process. ^ The aqueous extract 
of opium is first precipitated by calcium chloride, the filtrate from the 
calcium meconatc concentrated, and the hydjrochlorides of morphine, 
pseudomorphine and codeine separated by crystallisation. The 
mother-liquor is diluted with an equal bulk of boiling water, excess of 
ammonia added, the precipitate removed by filtration and dissolved 
in acetic acid. The filtrate is agitated with ether, the ethereal layer 
shaken with excess of acetic acid, and the acetic solution mixed with 
that of the ammonia precipitate. The acetic acid sclution is then 

1 For E. Kaudflr’fl modification of Hesse's method, see Arch. Pharm., 1890. 22S, 419; 

J. Ch 4 m. Soc., iSyr, 60, 337. 
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treated with excess of sodium hydroxide, which precipitates papaverine, 
narcotine, thebame, some cryptopine, protopine, laudanosine andhydro- 
cotarnine; while lanthopine, laudanine, codamine, meconidine, and a 
portion of the cryptopine remain in solution. The alkaline liquid is 
neutralised, ammonia added, the bases again extracted by ether, and 
shaken out with acetic acid. The acetic acid is neutralised with 
ammonia, when a little lanthopine separates out in 24 hours, and the 
filtrate is treated with more ammonia. The precipitate formed is 
dissolved in a very small quantity of boiling dilute alcohol, which on 
cooling deposits white crystals of mixed laudanine and cryptopine. On 
evaporating the alcoholic solution, * and treatment of the residue with 
ether, a solution is obtained from which codamine may be isolated, 
either by addition of fused calcium chloride (which causes water, 
colouring-matter, and crystals of codamine to separate), or by con- 
version into the acetate, and this into the hydriodide. 

The mixture of bases insoluble in sodium hydroxide is digested with 
dilute alcohol, and acetic acid added till the liquid is faintly acid to 
litmus. On adding 3 measures of boiling watei;, a crystalline precipi- 
tate of papaverine and narcotine is thrown down. The filtrate, freed 
from alcohol by evaporation, on adding strong hydrochloric acid, will 
give a precipitate of cryptopine hydrochloride; but in order to avoid 
the conversion of thebaine into its non-crystalline isomer thebaicine, 
it is preferable to add tartaric acid, which throws down crystalline 
thebaine acid tartrate. The mother-liquor of this is neutralised wth 
ammonia, and mixed with 3% of its weight of sodium bicarbonate 
made into a paste with water. After standing about a week, a black, 
pitchy mass separates, the filtrate from which gives with ammonia a 
precipitate which is treated with boiling benzene, the filtrate being 
also extracted by agitation with benzene. On shaking the united 
benzene solution with a saturated aqueous solution of sodium bicar- 
bonate, laudanosine crystallises out; and the benzene filtered from 
this yields hydrocotarnine hydrochloride on passing hydrochloric acid 
gas. The portion of the ammonia precipitates left undissolved by 
benzene contains cryptopine and protopine. These bases are con- 
verted in hydrochlorides, and the solution treated with strong hydro- 
chloric acid, when the protopine hydrochloride forms a homy deposit 

could obtain no meconidine from this solution, nnd hence concludes that it had 
gj decomposed by the preceding operations, as he had previously obtained it from a 
•niilar source by another process {Ann. Chem. Pharm., 153, 47). 
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which adheres to the sides of the glass, and is easily freed from the 
gelatinous cryptopitie salt by washing with a little water. 

Narceine is mentioned as existing in the liquors, but the stage at 
which it is separated is not stated. 

Morphine. 

CijHi.OsN or C,,Hi70N(0H),. 

Morphine is the most important of the bases contained in opium, 
in which it exists in combination with sulphuric and meconic acids. 

The mode of preparing morphine may be gathered from the methods 
of assaying opium and from the preceding methods for separating the 
opium alkaloids. 

Morphine crystallises in transparent, colourless, trimetric prisms, 
which are usually very short. They contain are molecule of water, 
which is given off slowly at a temperature of 90° and more rapidly at 
100° (Pham. Jour., i888 [m], 18, 701, 801; 19, 61, 148, 180). At or 
above 200° morphine turns brown, melts with partial volatilization at 
about 254° according to some authorities and 247° according to others, 
becoming carbonised at a somewhat higher temperature. 

Morphine is inodorous, has a persistent bitter taste, and is a power- 
ful narcotic poison. 

Morphine is peculiarly difficult of solution in the organic liquids 
which are in most cases excellent solvents of the alkaloids; only in 
alcohol is it soluble with some degree of readiness. Remarkable varia- 
tions are found in the recorded solubilities of morphine as observed 
by different investigators. 

The solubility of morphine in water is given by A. Seidell as 1:3,330 
at 25® and 1:1,040 at 80°. W. Muller gives its solubility as 1:3,533; and 
in water saturated with ether 1:2,239. The old figures of Chastaing 
of 1:33,333 at 3° and 1:4, S4S at 22® are most probably too high. At 
42° the solubility is stated to be (Year-hook of Pharm., 1882, 30) 
1:2,380 and in boiling water 1:460. The solution in water has an 
alkaline reaction. Morphine dissolves in 30 parts of boiling or 50 
parts of cold absolute alcohol and according to Seidell in 168 parts of 
95% alcohol at 25® or 76 parts at 60®. In ether and chloroform it is 
almost insoluble when in a crystallized state, but dissolves sparingly 
when freshly precipitated and amorphous. Its solubility in ether 
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is given by Seidell as 1:4,464 at 25®; by Prescott as 1:6,148 in the crystal- 
line form; by Muller as 1:7,632 and by the same authority as 1:10,622 
in ether saturated with water. Marchionneschi (Pharm. Zig., 1907, 
52, 747) gives the solubility of the crystals in ether at 5.5° as 1:20,400; 
in anhydrous ether, 1:3,800; and of anhydrous morphine in anhydrous 
ether 1:1,785, chloroform is stated by Prescott to dissolve i part of 
morphine in 4,379 parts; 1,525 by Muller, and is also given as 1:1,800 
and 1:2,500. 

Muller {Apoth, Ztg.y 1903, 18, 257) gives the following solubilities 
for crystallised morphine: i part of morphine dissolves in 3,533 parts 
of water, 7,632 parts ether, 10,622 parts ether saturated with water, 
2,239 parts water saturated with ether, 1,599 parts benzol, 1,525 parts 
chloroform, 537 parts ethyl acetate, 1,170 parts petroleum ether, and 
6,396 parts carbon tetrachloride. A useful solvent for morphine is a 
mixture of equal volumes of ether and acetic ether (ethyl acetate) ; but 
even in this its solubility is limited, especially in the crystalline state. 
Amylic alcohol dissolves morphine sparingly (1:150) in the cold, but 
when heated is a fairly good solvent for it (1:50). The alkaloid 
dissolves best when liberated from one of its salts in presence of 
amylic alcohol. 

Florio {Gaz. Chim. ItdianOf 13, 496) gives the following solubilities 
of morphine: 



Morphine dissolved by loo of solvent 

Solvent 

At lo-ii* 

At 56“ 

At 78'’ 

Alcohnl Absolute , T 

1.13a 


8.633 

Almhnl 


3.991 

Alcohol' 

0.333 


1.98s 

Tir • # 9 /O 

Woon-anint. 

8.466 

Puscl-oil. . . . . 

0.368 

3.347 

Benzene 

0.030 

1. 33s 

Chloroform 

Ether, absolute 

0.040 

0.033 



A. B. Prescott (/. Amer. Chem. Soc., 1907, 29, 405) has pointed 
out the great influence the physical condition of morphine has upon 
its relation to solvents, and has determined the proportion of different 
solvents requisite for the solution of morphine in the crystalline, 
amorphous, and “nascent” conditions; by the last term meaning that 
in which the alkaloid exists when liberated by ammonia or an alkaline 
carbonate from the aqueous solution of one of its salts. The following 
are Prescott^s figures: 
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Parts of solvent required 


Condition of the morphine 








Amylic 



Ether 

Chloroform 

alcohol 

Benzene 

Crystallised 

6148 

4379 

91 

8930 

Amorphous powder 

ati2 

1977 



“ Nascent” state 

io6a 

861 

91 

1997 

1 



Solutions of sodium and potassium hydroxides dissolve morphine 
readily, as also do barium hydroxide and lime water, and, to a limited 
extent, ammonia also. Solutions of alkali hydroxides dissolve quan- 
tities of morphine equivalent to the bases contained in them, with the 
formation of unstable morphinates which are decomposed by carbonic 
acid and assume a dark brown colour on exposure to air. Crystalline 
morphinates of potassium, barium, and calcium have been obtained. 
From these facts, and the blue reaction with ferric chloride, Chastaing 
(Jotir. Phartn. [V], 4, 19) inferred that morphine possessed a phenoloid 
character, and this view has been fully borne out by later researches. 

Solutions of morphine are strongly levorotatory. Hesse gives the 
following results in alkaline solutions: 

I mol. morphine + i mol. NajO C*2, -67.5°. 

I mol. morphine + 5 mol. NajO C=2, —70.2°. 

I mol. morphine + 2 mol. Na^O C=5, [a]” ' 5 = —71.0° 

Tykociner gives its rotation in absolute alcohol where C=i.o to 1.8 
as [a]^°= — 140.5°. The rotation of the salts of morphine is referred 
to under their respective headings. 

Morphine is very sensitive to the action of oxidising agents, a fact 
which is often used for its detection (page 382 el seq.). It reduces 
salts of gold and silver, permanganates, ferricyanides, iodic and peri- 
odic acids, etc. The reactions of morphine with strong sulphuric and 
nitric acids are described on page 382. 

When morphine is heated with strong hydrochloric acid or zinc 
chloride it loses the elements of water and is converted into apomor- 
phine, C^H^CjN (page 357). 

Salts of Morphine. 

Morphine dissolves readily in dilute acids, forming salts which are 
perfectly neutral in reaction to litmus and methyl-orange, and hence 
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it may be titrated with accuracy by the aid of standard hydrochloric 
acid and either of these indicators. With phenolphthalein morphine 
does not give a sharp reaction, but the point of neutrality is approxi- 
mately the same as if the acid of the morphine salt were in a free state. 

The salts of morphine are mostly crystallisable, and are all bitter 
and very poisonous. They are generally soluble in water and in 
alcohol, but are insoluble or only slightly soluble in amyl alcohol, 
ether, chloroform, b^zene, or petroleum spirit. Morphine is not 
removed from its acid or neutral solutions by agitation with any of the 
above solvents, except imperfectly by amyl alcohol. 

The following table shows the foimulae of the more important salts 
of morphine, the percentage of crystallised morphine in each, the 
relative dose based on this percentage and their solubility in water. 






Solubility in water 



Morphine 

Relative 



Morphine salt 

Formula 

hydrate. 

dose 




/O 


at 15.5“^ 

at 25** 

Hydrochloride. . 

i BHCI + 3H2O 
B 2 .H,S 044 - 5 lL 0 

80.71 

1 .00 

1 in 24 

I in 

Sulphate 

79-94 

1 .00 

I in 23 

1 in is)* 

Acetate 


75.94 

1 .04 

I in 2^ 

1 in 2) 

Lactate 


80 . 80 j 

1 .00 

I in 8 


Tartrate 

i B 3 .C 4 H« 0 * + 3HjO 1 

78.30 i 

1.02 

I in 9 ! 


Meconate 

! B?.C 7 H 407 + sH20 1 

70.45 

1.14 

1 in 34 

I in 2S 


Morphine hydrochloride, BHCI+3H2O, crystallises in white 
silky needles or minute cubical crystals which according to Seidell are 
soluble at 25® in 17 parts of water or 42 parts of alcohol. It is soluble 
at 80° in half its weight of water, at 60° in 35.5 parts of alcohol, and is 
also soluble in about 19 parts of glycerin. At 100® it becomes anhy- 
drous and on heating to 250® it turns brown and with greater heat 
chars without melting. The blackening in color at a much lower 
temperature is indicative of traces of impurity. 

Hesse gives its optical rotation as follows: 

In water — C=i to 4, [«]□= — 100.67 -f- 1. 14 C. 

With 10 molecules HC 1 + water-C = 2-[a]^‘=s -94.3°. 

Morphine hydriodide, BHI + 3H2O, is obtained as a compact 
mass of hair-like needles on mixing a concentrated alcoholic solution of 
potassium iodide with a concentrated solution of morphine hydro- 

\ B. D. Dott {Pham. Jour., i 88 .? ftu’l, 13, 404; 1886, 16, 653). 

* A. Seidell (Solubilities, page 205). 

* Power gives solubility as i in 24 at 1 5“. 
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chloride. The product only slowly redissolves on adding more spirit, 
and is very sparingly soluble in water, especially in presence of potas- 
sium iodide. The hydrobromide can be obtained similarly. 

Morphine sulphate, crystallises in bundles of 

transparent silky needles. It loses 3 molecules of water at 100° and 
the remaining 2 molecules at no®. It exists naturally in opium. It 
is soluble at 15® in 20 parts of water, at 25® in 15 parts of water and at 
80® in 0.6 parts of water. At 25® it dissolves iiin^65 parts of alcohol. 
On heating it behaves similarly to morphine hydrochloride. Its 
optical rotation according to Hesse is 

In water, C = i to 4, [a]” =* — 100.47 + 0.96 C. 

Morphine acetate, BHC2H3OJ + 3HJO, is a white or more fre- 
quently slightly yellowish, obscurely crystalline powder. It is also 
very soluble in water, differing, however, from the sulphate or hydro- 
chloride in that it is very nearly as soluble in cold water as in hot. At 
15® it dissolves in 2.5 parts of water, at 25® in 2.25, and at 80® in about 
2 parts. It is soluble in about 22 parts of alcohol at 25® and 100 parts 
of 90% alcohol at 15®, solubility being very much greater in hot 
alcohol. It is also soluble in about 5 parts of glycerin and is slightly 
soluble in chloroform. On exposure to the air it gradually loses acetic 
acid and is partially decomposed by boiling or evaporating its aqueous 
solution, crystals of morphine being deposited. 

Its^optical rotation is given by Oudemans as follows: 

In water, € = 2.5 ~[a]D« - 77 ® 

In alcohol (sp.gr. —0.865) €=0.97 — [a]o*> —98.9®. 

In absolute alcohol, C=* 1.2 — [a]o=s —100.4®. 

Morphine tartrate, BjC4H,0e+3H30, is readily soluble, but 
the acid tartrate, BC^H^O,, only sparingly so. Their solutions are 
not precipitated by alkali hydroxides, alkaline carbonates, or chloride 
of calcium. The tartrate is best detected by precipitating the con- 
centrated solution with potassium acetate and acetic acid in presence 
of alcohol. After boiling off the alcohol, the morphine can be pre- 
cipitated from the filtrate by an alkaline carbonate or ammonia. 

Morphine meconate, B3C7H4O7+ 5H3O, is interesting as being 
the form in which morphine largely exists in opium. When morphine 
and meconic acid are dissolved in absolute alcohol, and the solution 
evaporated, an amorphous, hygroscopic, very soluble residue is 
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obtained, which in concentrated solution deposits crystals of neutral 
morphine meconate containing 5 molecules of water, even in presence 
of sufficient meconic acid to form the acid salt. It is soluble in alcohol 
and also in about 25 parts of water. 


Detection and Estimation of Morphine. 


Free morphine, when pure or in the form of one of its ordinary salts, 
is readily detected. Its determination is easy when unmixed with 
interfering substances, but as it exists in opium is attended with con- 
siderable difficulties. Most of the colour reactions of morphine are 
best observed by operating on the solid substance, but for certain quali- 
tative tests and for all quantitative methods the alkaloid must be in 
solution. 

A. Reactions of Solid Morphine. — For observing these reactions 
a minute fragment or crystal of the solid alkaloid or its salt should 
be employed, and the experiment should be conducted in a small 
porcelain basin or crucible. The residue obtained by the evaporation 
of the solution of morphine in alcohol or amylic alcohol is well-suited 
for the operation. 

1. Solid morphine treated with a drop of a perfectly neutral solution 
of ferric chloride or iron-alum gives a very characteristic deep greenish- 
blue colour, changed to green by excess of the reagent. The colouring 
matter is not taken up by chloroform. The colour is destroyed by 
free acid, by heat, or by contact with alcohol. ‘ Pseudomorphine also 
gives a blue colour with ferric chloride, and codamine a dark green. 

2. Nitric acid (1.42 sp. gr.) added to solid morphine turns it an 
orange-red colour, which is changed to yellow on heating, and destroyed 
on adding sodium thiosulphate (hyposulphite). The colouration is 
said to be due to the formation of a substance of the formula CjoHgN 0», 
^luch yields picric acid when heated with water to 100®. 

3 * Solid morphine, when pure, is commonly said to yield no coloura- 
bon in the cold on adding pure concentrated sulphuric acid ; but accord- 
to Dott {Pharm, Joum.f 1882 [w], la, 615) a distinct, though 


colouration it produced in ttrong solutions of morphine, but becomes imperceptible 
J' A^tage {Pharm. ^rn., 1888 761) hasj>ointed 


this + k IWVlUVWV/*! \Jl »*vraa w nuv tVl IVU* 

evanw. • ^“®Jf*nicyanide to form Turnbull's blue; but it is more probable that the fern- 
blue wuced to ferrocyanide, and then reacts with the feme salt to form Prussian 
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faint, pink colour is produced. On heating to 150®, a dirty green 
(or rose-red) colour is developed, and on raising the temperature still 
further the solution becomes almost black. On allowing it to cool 
and diluting with water, a greenish-blue colour is produced, which on 
addition of ammonia in excess becomes green. 

4. On adding oxidising agents to the solution of solid morphine in 
cold concentrated sulphuric acid, the following reactions are produced.^ 
a. After adding a drop of two of water to hAt the mixture, the sub- 
sequent addition of nitric acid will produce a rose-red colouration, 
changing to brown. The reaction is very delicate, b. Potassium 
chlorate gives reactions similar to those with nitric acid. If the alka- 
loid be first heated with concentrated sulphuric acid to 100° for half an 
hour, and a crystal of potassium chlorate or nitrate added to the previ- 
ously cooled violet-red solution, a beautiful violet-blue colour is pro- 
duced, which passes into a dark blood-red, changing to yellow, c. If 
the sulphuric acid solution be heated on the water-bath to 100°, and 
a minute fragment of pure potassium perchlorate^ be added, a deep 
brown or reddish-brown colouration is produced, which rapidly 
spreads through the liquid. The colour is destroyed on dilution. 
L. Siebold, to whom the test is due, did not observe a similar reaction 
with any other alkaloid, d. Potassium dichromate is reduced with 
production of green colour. (No colour reaction is produced if for 
the dichromate be substituted the dioxide of lead or manganese. 
Distinction from strychnine.) e. On adding sodium or potassium 
arsenate, and warming gently, a slate-blue colour is .produced, which 
on raising the temperature passes into green, then into deep blue, and 
finally, when the acid begins to volatilise, again into dark olive-green. 
On diluting moderately with water, a reddish-brown colouration is 
produced, changing to dirty bluish and green on further dilution; and 
on agitating with chloroform the latter liquid is coloured violet-blue 
(Donath). If sodium phosphate be substituted for the arsenate^ and 
heat applied till acid fumes appear, the mixture becomes violet, chang- 
ing to brown or olive-green. If, after cooling, water be gradually 
added, a reddish-brown colouration appears, changing to dirty bluish- 
green on further dilution. On now shaking with chloroform, the 

* The reactions in question were verified in the laboratory of A. H. Allen by 
Barraclough, and the description riven in the text is in accordance with his results. , 

* The perchlorate must be free from chlorate, which is ensured by heating it with hv<i . 

chloric acid as long as chlorine is evolved. The salt is then washed with cold waif' “ 
dried. . jg 

* For convenience, this test is described here, but it seems improbable that the reaction 
due to oxidation. 
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latter liquid acquires a fine blue colour. /. Sodium or ammonium 
molybdate added to the sulphuric acid solution gives a fine violet 
colouration, changing to blue and dirty green, and finally almost 
vanishing. The reaction of morphine with sulphomolybdic acid may 
be observed with more certainty by adding previously prepared 
Frohdc’s reagent to the solid morphine. Papaverine^ heroin, peronin, 
and a few glucosides give a similar reaction. 

5. If solid morphine be mixed with from 2 to 8 parts of powdered 
cane-sugar, or solutions of the two substances be mixed and evaporated 
to dryness, addition of a drop of concentrated sulphuric acid will pro- 
duce a beautiful purple colour, changing gradually to blood-red and 
brownish- red, becoming olive-brown on dilution with water. The 
colouring matter is not soluble in chloroform. The test may be applied 
to a solution of morphine by saturating the liquid with sugar, and 
pouring it carefully on to some concentrated sulphuric acid, when a 
purple or rose-red colouration will be observed at the junction of the 
two fluids. Codeine gives a very similar reaction (Schneider). 
According to H. Weppen the delicacy of this test is much increased by 
adding a drop of bromine-water after the sulphuric acid, this modifica- 
tion rendering the reaction equal if not superior to reactions 3 and 4 c, 
and less dependent on the purity of the morphine. 

AI. Robin mixes the alkaloid with twice its weight of powdered 
sugar, and adds i or 2 drops of pure sulphuric acid, and states that 
morphine hydrochloride gives a beautiful rose colour, changing first 
to the tint of a solution of potassium permanganate, and then to violet 
and dark green, while codeine gives a cherry-red colour changing to 
violet, and narcotine a beautiful and very persistent mahogany-brown 
colour. ^ 

Reichard states that if morphine is warmed gently with concentrated 
sulphuric acid containing arsenous or arsenic acid an intense and per- 
manent purple colour is produced. The reaction is best obtained by 
dissolving the arsenous acid in a little strong solution of sodium 
Vlroxide, then add the morphine and finally excess of concentrated 
^cid. A red colour is given by adding morphine to sulphuric acid 
containing antimonous or stannous chloride. 

mves with sugar and sulphuric acid a violet colouration, changing to brown; 
vivi 1 sreen; santonin, a red colour, changing to coffee-black, ^licin gives a 

the Pure aconitine gives no reaction, but mixed aconite alkaloids as extracted from 

str ® cherry-red colouration, changing to crimson. No reaction is given by 

yohtnne, brucin^ cocaine, pilocarpine, caffeine, beberine, apomorphine, cupreine, or the 
^'"chona bases (J. P. Bumettf. ^ . 
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Morphine is stated by Rosenthaler to give a reddish-violet colour 
on heating with a 1% solution of vanillin in hydrochloric acid; a similar 
colour, however, is given by many ketones and phenols. 

Reichard also gives the following reactions {ZeiL Anal. Cheni., 1903, 
42, 95): To 2 or 3 c.c. of a 0.1% solution of ammonium vanadate 
add concentrated sulphuric acid drop by drop until the yellow colour 
disappears. On now adding a soluble morphine salt a stable green 
colour is produced. 

On shaking a 0.1% solution of sodium tungstate with a few drops 
of concentrated sulphuric acid and morphine a bright blue or violet 
colour is produced which is less stable than the colour with ammonium 
vanadate. A stronger solution of sodium tungstate cannot be used 
because of the separation of tungstic acid. 

On adding morphine to a cold solution of titanic acid in concen- 
trated sulphuric acid a blood-red colour appears on shaking but dis- 
appears on dilution with water. 

According to G. Fleury {Ann. de Chim. Anal., 1901, 6, 417) a 
solution of morphine in dilute sulphuric acid causes a faint rose colour 
when shaken for several minutes with a small quantity of lead dioxide. 
If the mixture is filtered and an excess of ammonia added to the filtrate 
a deep brown colour is produced, which is due to the formation of 
protocatechuic acid. 

On warming morphine with strong sulphuric acid until a pink 
colour develops and adding with stirring either chloral or bromal a 
violet colour is produced. 

B. Reactions of Morphine in Solution. — The following reactions 
are yielded by an aqueous solution of the hydrochloride or acetate 
of morphine: 

I. On adding to a tolerably concentrated solution of a salt of mor- 
phine a fixed alkali hydroxide, an alkaline carbonate, ammonia, or 
lime-water, hydrated morphine, CjyHjjOjN-f HjO, is thrown dowm 
as a white precipitate speedily becoming crystalline. The precipitate 
is almost insoluble in perfectly cold water, but dissolves in excess of 
ammonia or lime-water, and very readily in excess of alkali hydroxide. 
The alkaline carbonates, used in excess, redissolve the precipitate 
somewhat, but it is insoluble in excess of bicarbonates. Excess of 
magnesia precipitates the alkaloid completely. The morphine pre- 
cipitated by the foregoing reagents, and allowed time to become 
crystalline, presents a characteristic appearance under the microscope. 
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A fairly accurate determination of morphine may be made in the 
absence of interfering substances, by precipitating the tolerably con- 
centrated, cold, aqueous solution with sodium acid carbonate, allowing 
time for the precipitate to become crystalline, filtering, washing 
moderately with very cold water (preferably saturated with morphine), 
drying at 100 or 120°, and weighing the anhydrous morphine, C17HJJ- 
O3N, when the weight becomes constant. 

Instead of drying and weighing the alkaloid, the washed precipitate 
may be placed, together with the filter, in a moderate excess of standard 
acid, and the excess employed ascertained by titration with litmus or 
methyl-orange (not phenolphthalem). i c.c. of decinormal acid 
neutralises 0.0285 grm. of anhydrous, or 0.0303 grm. of crystallised 
morphine. 

2. If morphine be liberated from the solution of a salt by one of 
the reagents mentioned above, and the liquid and suspended pre- 
cipitate be at once shaken with hot amylic alcohol, cold acetic ether, or 
a mixture of equal measure of ether and acetic ether, ^ the morphine 
passes into solution, though with some difficulty, and may be obtained 
in a free state by separating the ethereal liquid, and evaporating it to 
dryness at a gentle heat. If the liberated morphine be allowed to 
crystallise before subjecting it to agitation with the solvent, its solution 
becomes very difficult to effect. 

Quantitative Estimation. 

For quantitative purposes, hot amyl alcohol should be employed 
as the solvent. It should be added before the alkaloid is liberated, 
which should be done by ammonia, magnesia or sodium acid carbonate, 
and the agitation should be conducted immediately, and the separation 
and re-agitation effected without delay. On evaporation of the amyl 
alcohol at 100° the anhydrous morphine will remain, as a residue, which 
can be weighed,’ or the amyl alcohol containing the alkaloid in 
solution may be titrated by dilute standard acid and methyl-orange. 
If desired, the alkaloid may be recovered from its amyl alcohol 
solution by repeated agitation with dilute hydrochloric acid,’ or 

acetic ether must be free from acid. This may be ensured by agitating it with some 
sodium add carbonate before use. 

»» some evidence that morphine forma a compound with amyl alcohol not decom- 
by evaporation at the ordinary temperature (Piiorm. yoar, 1888 [utl, 161). 

^ elution of morphine in hydrochloric add cannot be ihaken with amylic alcohol with- 
out extraction of aome of the alkaloid, probably in the form of hydrochloride. 
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sulphuric acid, and then reprecipitated from the aqueous liquid by 
ammonia, or an alkaline hydrogen-carbonate. This affords a valu- 
able means of purifying morphine and separating it from other 
alkaloids. 

To effect complete extraction of the morphine liberated by magnesia, 
ammonia, or an alkaline hydrogen-carbonate, several agitations with 
amyl alcohol are necessary. If ammonia be employed, sufficient passes 
into the amylic alcohol to vitiate the subsequent estimation of the mor- 
phine by titration; while if the amyl alcohol be freed from ammonia l)y 
agitation with water, or even with brine, a portion of the morphine is 
dissolved out. If the separated amylic alcohol be distilled off, the 
residual morphine may be titrated, or the difficulty avoided by using 
magnesia instead of ammonia. 

3. A volumetric estimation of morphine may be made by means of 
Mayer’s solution. Tliis method is not of great practical utility, but 
Heikel {Midland Drug.y 1909, 50, 114, 176, or Proc. A. Ph. A., 1909, 
374) has devised a modification whereby its accuracy is distinctly 
improved. 

Further information on the estimation of morphine will be found in 
the section on the Assay of Opium. (See page 416.) 

4. Morphine readily reduces ferricyanides to ferrocyanides, with 
formation of pseudomorphine (oxydimorphine) : 

4Ci7Hig03N,HCl+4K3FeCyo= 

2(C3,H3,0,N3,2HCl)-f3K,FcCy,-fn,FeC)v 

Consequently, on adding to the solution of a salt of morphine, slightly 
acidified with hydrochloric acid, a mixture of aqueous solutions of 
ferric chloride and potassium ferricyanide, a blue colouration or pre- 
cipitate of Prussian blue is produced. This reaction may be con- 
veniently employed for detecting morphine in presence of the cincliona 
bases. 

L. Kieffer {Annal. Chem. Pharm.j ^03, 274) has proposed to utilise 
the reaction with ferricyanide for the quantitative determination of 
morphine. For this purpose he adds a known weight of solid potas- 
sium ferricyanide to the morphine or its salt, and mixes them in a mortar 
with a minimum quantity of water. The contents of the mortar are 
rinsed into a flask, potassium iodide and hydrochloric acid added, and 
the liberated iodine determined by AT/ 10 sodium thiosulphate (liypo- 
sulphite). The difference between the volume required and that used 



QUANTITATIVE ESTIMATION. 


38s 

in a blank experiment with the same weight of potassium ferricyanide 
corresponds to the salt reduced by the morphine, i c.c. of differ- 
ence in the N/10 thiosulphate used represents 0.0292 of anhydrous 
morphine. ‘ 

Venturini {Gaz. Chitn, Ital.y 1887, 16, 239) reports favorably of 
Kieffer’s process. A. H. Allen’s results were discouraging. 

5. On mixing a solution of morphine with one of iodine dissolved 
in hydriodic acid, a crystalline precipitate is formed even in extremely 
dilute solutions. Under the microscope the crystalline form is char- 
acteristic of morphine, which may thus be distinguished from papaver- 
ine and codeine, which bases also give crystalline precipitates with the 
reagent, while narcotine, narceine and thebaine yield amorphous 
precipitates. 

6. Addition of chlorine or bromine water, followed by ammonia, 
occasions in moderately concentrated solutions of morphine a brown 
colour or red colouration gradually changing to brown. 

7. Morphine and its salts reduce iodic acid with liberation of 
iodine. This reaction is also produced by albuminoid and various 
other organic bodies, so that it is not absolute proof of the presence of 
morphine. The test becomes much improved and increased in delicacy 
by the following mode of operating: 

To the solution to be tested for morphine, as nearly neutral as 
possible, is added one of iodic acid in 15 parts of water. In presence of 
I part of morphine in 20,000 of liquid a yellow colouration is observed. 
In moderately strong solutions of morphine addition of starch-liquor 
gradually changes the yellow colour to blue, but not in solutions con- 
taining less than i per 1,000. This is important, as with other reduc- 
ing agents the blue colour is well marked in far more dilute liquids. 
On adding excess of ammonia to the yellow liquid the colour is dis- 
charged if due to foreign matter, but distinctly deepened if due to 
morphine. If a solution of morpliine, which is too dilute to give a blue 
colour with iodic acid and starch, be mixed with these reagents, and 
some highly dilute ammonia allowed to flow from a pipette on to the 
surface of the liquid, two coloured rings make their appearance at the 
junction of the fluids. A blue ring is seen in the lower acid layer and 
a brown one in the upper alkaline portion. If a dilute solution of 
morphine be mixed with one of starch, and evaporated to dryness in 

' is possible that Kieffer’s process miKht be applied to the amylic alcohol solution of 
fporphine, by acitating it with potassium fcrricyaiude aolution. In such a case, ammonia, 
n present, would not interfere. 

VOL. VI.— 25 
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a porcelain crucible at a gentle heat, and the residue, after cooling, l)e 
moistened with iodic acid, a blue colour will be produced in presence 
of 1-20,000 of a grain of morphine (A. Duprt 5 ). 

Another way of employing the test is to agitate a solution of iodic 
acid with an equal measure of carbon disulphide, which should not 
become coloured even after adding a drop or two of dilute sulphuric 
acid and again shaking. If the solution to be tested for morphine be 
now added to the mixture, and the whole again shaken, the carbon 
disulphide will be found after separation to have a violet colour from 
dissolved iodine if morphine be present, and the depth of tint will 
afford an indication of the amount. Morphine can be recognised in 
this way in a single drop of paregoric or tincture of opium. 

Stein and others have described a colourimetric method of estimating 
morphine, based on the iodic acid reaction. See also Georges and 
Gascard, Jaur. Phartn. CItim., 1906, 23, 513. 

In employing the iodic acid test it is es.sential that the reagent should 
not give free iodine on treatment with a drop of dilute sulphuric or 
acetic acid. 

Edlefsen (Pharm. Zlg.^ 1908, 53, 289) recommends a 0.5% aqueous 
solution of iodic acid slightly coloured with malachite green. To 5 c.c. 
of this reagent add a few drops of the solution to l)e tested and warm 
gently. A lemon-yellow' colour is produced which changes to brown 
on adding ammonia to alkaline reaction. 

8. Morphine and its salts are stated by Aloy (Bull. Soc. C/iim.f 1903, 
29, 610) to give a characteristic colour reaction with uranium acetate 
or nitrate whereas most alkaloids give precipitates. To the solution to 
be tested add a few drops of 5% solution of uranium nitrate. A red 
colour is given in presence of morphine or if in quantity less than 5 
mgrm. an orange colour. Said to detect as little as o.i mgrm. 

9. Deniges (CompL Rend., 1910, 151, 1062) gives the following 
reaction: To 10 c.c. of a dilute solution of morphine containing as 
little as 30 mgrm. per litre, add i c.c. of 3% hydrogen peroxide, i 
c.c. of ammonia 10% and i drop of copper sulphate solution (i to 
4%, according to the amount of morphine), on shaking, a colour 
varying from rose to intense red is produced. This test may be apph^'^ 
to syrups containing morphine and may be used quantitatively by 
comparison with standard solutions of morphine hydrochloride in 
sugar syrup. For the identification of the alkaloid as hydrochloride 
the dry salt should be mixed with i drop of a reagent consisting of 
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I c.c. of 3 to 4% copper sulphate solution and 5 c.c. of water. In 
the presence of morphine a red colour is immediately produced. 

No reaction is obtained with codeine, thcbainc, papaverine, narceine 
or narcotine but similar colours are given by direct derivatives of 
morphine such as oxymorphine and paramorphine and with easily 
hydrolised esters such as heroin. The copper sulphate appears to 
have a catalytic action but cannot be replaced by iron or manganese 
salts. 

10. Solutions of morphine salts give no crystalline precipitate with 
either potassium chromate, thiocyanate (sulphocyanide) or ferrocy- 
anide (distinction from strychnine). With a saturated alcoholic 
solution of picrolonic acid (dinitrophenylmethylpyrazolonc) morphine 
gives from its solution in ether, chloroform or alcohol a crystalline 
precipitate of broad flat needles of picrolonatc variously stated to 
melt at 186.5° 200° to 210° with darkening. 

Apomorphine, When morphine or its hydrochloride 

is heated to 140-150° in a sealed tube, with a large excess of strong 
hydrochloric acid, or with zinc chloride at 110°, it is converted into the 
hydrochloride of apomorphine, the formula of which base differs from 
that of the parent alkaloid by the elements of water. Apomorphine 
may be obtained in a state of purity by dissolving the contents of the 
tube in water, adding excess of sodium hydrogen carbonate, and agitat- 
ing with ether or chloroform, in either of which apomorphine is freely 
soluble (difference from morphine). The ethereal solution is separated 
and shaken with a very little strong hydrochloric acid, when crystals 
of the hydrochloride of apomorphine are deposited. These are 
separated, washed with a little cold water, and purified by lecrystal- 
lisation. From its aqueous solution of the hydrochloride, sodium 
aeid carbonate precipitates free apomorphine as a snow-white amor- 
phous substance, readily soluble in alcohol, ether, chloroform and 
benzene, which speedily turns green on exposure to the air. The 
changed alkaloid is partially soluble in water and alcohol with emerald- 
green colour, in ether with magnificent rose-purple, and in chloroform 
with fine violet tint. The colourless solutions of the unchanged sub- 
stances soon acquire these tints. In its physiological effects, apo- 
iriorphine differs from morphine in a very marked manner, being a 
prompt and non-irritant emetic. From 0.001 to 0.010 grm. is the 
‘'^dult medicinal dose by the stomach. Dangerous and even fatal 
symptoms have followed the hypodermic injection of 0.012 grm. 
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Apomorphine gives a crimson-rcd colour with nitric acid, and brown 
with iodic acid, but (unlike morphine) yields a rose-red or amethystine 
colour with ferric chloride, changing to violet and black. The most 
delicate reaction of apomorphine is the production of a green coloura- 
tion when the solution is rendered famdy alkaline with potassium 
hydrogen carbonate and exposed to the air. With a solution containing 
I part in 100,000, the green colour appears within 10 minutes. A 
variation of this reaction is given by Schmidt {Apoth. Ztg., 1908, 23, 
657). By treating a i to 10,000 solution of the hydrochloride with 

1 c.c. of chloroform, making alkaline with sodium hydroxide and 
shaking,, the chloroform is coloured blue and the aqueous layer 
red-violet. 

If a small quantity of the hydrochloride is shaken with a 0 - 5 % 
aqueous solution of ferrous sulphate the solution becomes gradually 
blue and then black, returning to blue on addition of alcohol. 

Apomorphine is said to be liable to be formed in old solutions of 
morphine hydrochloride, which consequently acquire emetic proper- 
ties; but the statement is disputed by Dott, and requires confirmation 
{Pharm. Jour. 1886 [Hi], i6, 287, 299, 604; 17, 80). 

Apomorphine hydrochloride, CiyHjyOjNHCl, forms anhydrous, 
minute, shining crystals, which turn greenish on exposure to light and 
air. It is freely soluble in water and alcohol, forming a neutral solu- 
tion, which turns green on boiling or standing, and keeps better if very 
faintly add. The freshly-made aqueous solution should be colourless, 
or nearly so. It is generally held that if a 1% solution be emerald- 
green, the sample should be rejected for medical use; but D. B. Dolt 
{Pharm, Jour. 1891 [Hi], 21,916) has pointed out that the colouration 
is so intense that very little actual change is thereby indicated. 
Morrell found an old solution which had been exposed to light for 3 
months to act quite effectively, ‘ but it is nevertheless not desirable 
to use either the salt or its solutions which have become decidedly 
green in colour. 

Schmidt {Apoth. Ztg., 1908, 23, 657) and Dott {Pharm. Journ., 
1908 [iv], 27, 801) have shown that the hydrochloride crystallises with 

2 molecules of water, and Schaefer states that the anhydrous salt 
absorbs i molecule of water from the air. 

Recently French and Hamack {Pharm. Jour., 1910, 30, 293, 454 ) 

* Morrell reports that a patient who is made violently ill by i/6 grain of apomorphine 
hydrochloride administered hypodermically, can take 4/5 grain thrice daily in the form ot 
pills. Apomorphine acts as a powerful expectorant in cases of chronic bronchitis. 
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stated that in certain brands of apomorphine hydrochloride they had 
found an impurity which seemed to be trimorphine, but an investiga- 
tion by Bochringer and Soehnc identifies this impurity as beta-chloro- 
morphide which they found present in one sample to the extent of 75%. 
As the physiological action of this is decidedly different from apo- 
morphine it is liable to cause considerable variation in its action. 

To detect this impurity a solution of o.i grm. of apomorphine 
hydrochloride in 10 c.c. of water is rendered alkaline with 5 c.c. of 
saturated solution of sodium carbonate and extracted with 20 c.c. of 
ether. The ethereal solution is separated and shaken out with 3 
successive portions of 20 c.c. of water. The washed ether solution is 
then evaporated and the residue cooled and treated with 5 c.c. of con- 
centrated nitric acid containing 0.5% of silver nitrate. After standing 
for 10 minutes the acid liquid is heated for an hour on the water- bath, 
keeping up the volume with addition of water. The brown, clear, 
undiluted liquid should then show no appreciable precipitate of silver 
chloride. 

\ number of derivatives of morphine resembling codeine have been 
prepared, and of chief importance we may mention the following: 

Heroin, or diacetyl morphine, is an odourless, bitter crystalline 
powder having an alkaline reaction and melting at 171-172®. It is 
almost insoluble in water and more readily soluble in cold alcohol and 
ether and easily soluble in hot alcohol; it is also readily soluble in 
chloroform and benzine. Its hydrochloride exists as a white pow'der 
soluble in alcohol and water. 

Its colour reactions resemble morphine; it dissolves in sulphuric 
acid to a pale yellow colour which becomes pale pink on heating. 
Some other colour reactions have already been spoken of on page 368. 
On adding a little heroin to 2 c.c. of a 10% solution of urotropin in 
sulphuric acid there occurs an immediate golden yellow colour chang- 
ing to saffron yellow and finally deep blue. Morphine wdth this 
reaction gives g, purple colour; nerccine gives a saffron yellow' and 
narcotine a golden yellow. Another reaction which may be used for 
distinguishing it from morphine and codeine is as follows: To a small 
quantity of the alkaloid add a few drops of concentrated nitric acid 
and heat gently. The original yellow colour changes to bluish- green 
becoming almost blue and finally changing altogether to yellow. 
This test is stated not to be given by any other alkaloid. 

Goldman’s reaction may also be used for its identification by heating 
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the alkaloid with concentrated sulphuric acid and a small quantity of 
alcohol which results in the production of ethyl acetate that may be 
recognised by its odour. 

Dionin is ethyl-morphine and occurs chiefly in commerce as its 
hydrochloride. This is a white crystalline powder having a m. p. 
of 123-125°, is soluble in water and very readily soluble in alcohol. 
Insoluble in ether and chloroform. Dissolved in sulphuric acid it 
gives no colour and on heating a pale pink. Hesse states that it 
may be distinguished from codeine by its behaviour with ammonia. 
To 5 c.c. of a 10% solution of codeine hydrochloride a few drops of 
ammonia (sp. gr. 0.91) are added and a precipitate occurs which is 
permanently re-dissolved by the addition of i c.c. ammonia water. 
With dionin it requires the addition of 5 c.c. of ammonia water for 
complete solution and from this solution crystals, m. p. 93°, are 
deposited after a short time even from a 1% solution. 

Rodinoff states that with 2 c.c. of 1% solution of dionin 10 
drops of Wagner’ reagent gives a reddish-brown precipitate which 
turns orange-brown with shaking and rises to the surface of the 
liquid. With codeine the precipitate does not change colour on 
shaking. 

Codeine, CigHjjOjN, is described as regards constitution and 
relation to morphine on page 356. It occurs in opium* in proportions 
ranging from o.i to 1.0%. 

Codeine crystallises from dry ether or carbon disulphide in small 
anhydrous prisms. From water it is deposited in well-defined octa- 
hedra or orthorhombic prisms containing iHjO and melting under 
boiling water to an oily liquid. Anhydrous codeine melts at 155° and 
solidifies to a crystalline mass on cooling. Codeine is somewhat 
soluble in water, requiring 75 to 80 parts of cold water, or 17 at the 
b. p. It is readily soluble in alcohol, ether, amyl alcohol, chloro- 
form and benzene, but is almost insoluble in petroleum spirit (com- 
pare page 363). Codeine is as soluble in ammonia as in water, a fact 
utilised to separate it from morphine, but it is practically insoluble in 
excess of sodium and potassium hydroxides, and is precipitated by 
these reagents from its aqueous solution, if not too dilute. Solutions 
of codeine are optically active, the rotatory power being much af- 

* Codeine is usually isolated from opium by precipitating the aqueous extract by calcium 
chloride, evaporating and cooling the filtrate, redissolving the deposited crystals of the hy- 
drochloride m water, and precipitating the morphine by ammonia. From the filtrate, alter 
concentration, the cfxieine can be recovered by treating by precipitating with alkali hy- 
droxide and purified by crystallisation from ether. 
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fected by the nature of the solvent, and the presence and proportion 
of free acid. 

Hesse gives the following rotation: 

In alcohol 97% C — 2 to 8 —135.8° 

In chloroform C = 2 [a]^^ = - 1 1 1 . 5° 

while Grimaux gives 

In alcohol € = 4.1 [a]j, = — 130.34° 

In alcohol (com’l. codeine) €=4.1 [a]u= 

Codeine has a bitter taste, and resembles morphine in its physio- 
logical action. It is official in many pharmacopeias, and is chiefly 
employed to allay restlessness, cough, and other symptoms for which 
opium is generally prescribed, and when the latter medicine is not 
tolerated. In phthisis, it appears to prevent and appease the tickling 
irritation of the cough, without deranging the digestion. It is an 
important remedy in diabetes, and is also recommended as an hypnotic 
in mental diseases. The official dose is from 1/4 to 2 grains. In 
larger quantities, codeine produces narcotism, often preceded by 
vomiting and occasionally by purging. 

Codeine is a strong base, having a marked alkaline reaction, and 
forming crystallisable, soluble salts, which are neutral to litmus and 
methyl-orange. The free base precipitates solutions of lead, iron, 
copper, and certain other of the heavy metals. 

Codeine hydrochloride crystallises in radiated groups of prisms 
containing BHCl-t- 2H3O, soluble in about 20 parts of cold water. 

Its rotation is given by Hesse as. 

In alcohol 80% C« 2 [a]” 5 ^= - 108°. 

In water, C = 2 — 108.2°. 

The crystals lose a portion of their water (i/2HjO) readily, but the 
remainder is only driven off by many days^ heating at 100° (Schmidt, 
Pharm. Jour. 1891 [in], 21, 82), but easily at 120° (Dott). Hence 
the proportion of water in commercial samples of the salt is variable. 

Codeine Phosphates. — The salt BHSPO4 + 2H2O is obtained as a 
crystalline precipitate by adding codeine to a solution of phosphoric 
acid till the reaction is only faintly acid, and then adding excess of 
alcohol. When recrystallised from water the composition is unchanged 
but the salt deposited from the solution in hot dilute alcohol contains 
sBHjPOi+HjO. Both forms lose their water at 100°, and are met 
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with in commerce, as also a preparation containing excess of phosphoric 
acid. The commercial product practically never contains 2 1 1.^0 
and usually contains approximately iHjO, indeed if exposed to tlie 
air the cr>'stals with 2H2O quickly lose part of this water. If the salt 
turns grey or yellow at 100°, the presence of impurity is indicated. 
The phosphate is said to be the preferable form of employing codeme 
for hypodermic injections. 

Codeine sulphate may be obtained as BjH^SO^+sHjO by crys- 
tallisation from water but the commercial product corresponds more 
nearly to 3H2O it being very difficult to preserve the crystals with 
SHjO without loss of water. It loses its water of crystallisation 
completely at 100°. It is very soluble in water, difficultly in alcohol 
and insoluble in ether and chloroform. 

In water its rotation is given by Hesse as = - 101.2® where €=3. 

Detection and Estimation of Codeine. 

In its reactions and general characters codeine presents a strong 
resemblance to morphine, but is sharply distinguished by its ready 
solubility in ether and chloroform, and its precipitation by excess of 
alkali hydroxide. Codeine does not reduce iodic acid, and gives no 
colouration with ferric chloride. In strong nitric acid it dissolves to 
a yellow liquid which should not become red (difference from and 
absence of morphine). With pure sulphuric acid, codeine gives no 
colouration, but on warming, or very prolonged standing (several davs) 
at the ordinary temperature, a blue colour is developed. This colour 
is produced if a trace of nitric acid, ferric chloride, or other oxidising 
agent be present, an arsenate being the preferable reagent. The 
blue colouration on warming with sulphuric acid and ferric chloride 
is apparently common to all ethers of the codeine class. Friihde’s 
reagent is stated by some observers to produce a dirty green colour, 
soon becoming deep blue, and changing in 24 hours to yellow; 
according to others, a cherry-red tint, changing to violet, is pro- 
duced. L. Raby states that if solid codeine be stirred up with 2 
drops of a solution of sodium hypochlorite, 4 drops of strong sulphuric 
acid added, and the whole mixed together, a splendid and persistent 
blue colouration results. Esculin was the only other substance 
(of 30 examined) which gave at all a similar reaction. Lafon uses a 
solution of I grm. of ammonium selenite in 20 c.c. of strong sul- 
phuric acid, which gives a magnificent green colour with traces of 
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codeine. With picrolonic acid it gives a precipitate of short yellow 
crystals which melt at 219° 

Commercial codeine has been met with adulterated with ammonium 
tartrate {Pharm. Jour., 1884 [m], 14 , 1035), which salt closely resembles 
it, but is distinguished from codeine by its insolubility in alcohol. 

Claassen has based a method of estimating codeine on the well- 
known fact that it completely decomposes morphine salts (AT. Y. 
Pharm. Rundschau, 1890, 40; J. Chem. Soc., 1891, 58, 1198). The 
warm aqueous solution of the free base is treated with excess of 
morphine sulphate with frequent shaking, and allowed to stand in 
the cold for at least 24 hours, when the deposited morphine is filtered 
off, dried, and weighed (or titrated). The amount found, multiplied 
by 0.9868 represents the anhydrous codeine, or by 1.0412, the hydrated 
codeine (CigH^iOaN + HjO). To separate morphine and codeine, 
the mixed bases, or their salts, are evaporated to dryness with excess 
of magnesia, the residue treated with water, and the liquid shaken 
repeatedly with ether free from alcohol, the ether distilled off, and the 
residue exhausted with hot water. In the resultant solution the codeine 
can be estimated as above described. 

Claassen {loc. cit.) has also pointed out that free codeine completely 
decomposes ammonium salts when heated with them, and has based 
on this fact a method of estimating the alkaloid ; but as morphine be- 
haves in a similar manner, the fact has little practical value. 

The simplest means of estimating codeine and morphine in admix- 
ture is to precipitate the solution of the hydrochlorides with sodium 
acid carbonate, and wash the dried precipitate with chloroform. 
The residue consists of morphine. The aqueous filtrate is treated 
with sodium hydroxide, agitated several times with chloroform, the 
various chloroform washings and extracts united, evaporated, and the 
residual codeine dried at 110°, and weighed (D. B. Dott). 

Van der Widen {Bull. Sci. Pharmacol, 1910, 17 , 59; Pharm. Zeil, 
1903, 267) gives the following process for the estimation of codeine 
and narcotine in opium. 

Boil 10 grm. of opium for i hour under reflux condenser with 100 
grm. of alcohol (70%). Restore any lost weight by adding alcohol, 
filter and m $ grm. of filtrate determine the dry extract. A sufficient 
quantity of this filtrate is then used to be equivalent to 3 grm. of opium, 
which is estimated as follows: , 

If the solution contains p% of extract then the total quantity of 
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10,000 3 >000 
solution is and 3 grm. will therefore be contained in grm 

loo-p loo-p 

of the solution. Evaporate this quantity to about 3 c.c., transfer to a 
flask, washing out the evaporating dish 3 times carefully with 21/2 c.c. 
of w\ater. To this solution now add 90 c.c. of ether and after shaking, 
5 c.c. of 10% solution sodium hydroxide. Let stand for 3 hours with 
frequent shaking, then add 3 grm. of gum tragacanth to aid separation 
of the ether and decant exactly 75 c.c. of the ethereal solution (=^'^2.5 
grm. opium). Evaporate to dryness and dissolve in 4 grm. of 90' 
alcohol and set aside for 24 hours. Collect the crystals of narcoline 
w’hich separate, on a filter, w'ash with 5 c.c. of alcohol, dry at 100^ and 
weigh. As narcotinc is not entirely insoluble in alcohol a correction 
of +0.016 grm. must be applied. 

Dilute the filtrate containing the codeine with 10 c.c. of water and 
then evaporate to 10 c.c. After standing 24 hours filter to remove 
the separated resinous substances, washing the filter thoroughly. 
To the filtrate add 10 c.c. of Nj 100 hydrochloric acid and titrate the 
excess acid with Nj 100 sodium hydroxide using hematoxylin or 
cochineal, i c.c. of AT/ioo acid equals 3.17 mgrm. of codeine. By 
this method Van der Wielen found 1.08% and 1.29% codeine in 2 
samples of Asia Minor opium and 1.51% in a sample of Persian opium. 

Caspari criticises this method because of the small quantity of opium 
taken and it would also seem preferable to use N j 10 acid and alkali 
instead of N 1 100. 

A somewhat different process for the estimation of codeine is given 
by Caspari {Pharm. Review, 1904, 348). Macerate 50 grm. of opium 
with 500 c.c. of water for 12 hours with frequent agitation. Filter 
and wash the residue carefully with sufficient water to make 750 c.c. 
of filtrate. Return the residue to the flask and shake for 15 minutes 
with 250 c.c. of water. Return to the filter and wash with sufficient 
water to make 850 c.c. of a second filtrate. Combine the 2 filtrates 
and evaporate on water-bath to 250 c.c., add 5 grm. of barium acetate 
and dilute to 700 c.c. This precipitates the meconic acid and part of 
the resin; filter, wash the precipitate thoroughly with cold water and 
again concentrate (volume not stated, presumably 250 c.c.), again add 
5 grm. of barium acetate or until no further precipitate is produced. 
Filter and wash as above. Again concentrate and add a slight excess 
of 10% sodium hydroxide solution which precipitates thebainc, 
papaverine and narcotine and retains in solution morphine, codeine 
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and narceine. After standing for a short time filter and wash pre- 
cipitate thoroughly. Make the filtrate acid with hydrochloric acid, 
concentrate (volume not stated) add 2% ammonia water in excess and 
let stand for several hours in the cold after which filter off the pre- 
cipitated morphine, washing the precipitate with cold water; again 
concentrate the filtrate and washings and repeat above treatment to 
remove any additional morphine. After concentrating this last filtrate, 
previously rendered acid with hydrochloric acid, to about 75 c.c., 
make alkaline with ammonia and extract several times with benzene 
which removes codeine but not narceine. Evaporate the benzene solu- 
tion carefully and either weigh the codeine or better dissolve in excess 
of N/io acid and titrate the excess with iY/io alkali, using cochineal 
as an indicator. By this process Caspari obtained 1.12% and 1.33% 
codeine in samples of Smyrna opium. 

This last process could, it seems, be modified to advantage and 
parts of the two processes might be combined with good results. 

For a more recent process for the development of codeine in opium, 
see .Andrews {Analyst, 1911, 36, 489). 

Pseudocodeine, CmHjiOjN-l-HjO, was discovered by E. Merck 
in preparing apocodeine {Arch, Pharm., 1891, 229, 16 1). It is a 
strong base, crystallising in needles melting at 178-180°. It is levo- 
rotatory, [alo— —91.1° in alcohol where p=i.9i, forms crystallisable 
salts, gives no reaction with ferric chloride, and has a physiological 
action similar to, but weaker than, that of codeine. 

Apocodeine, C^aHujOjN, is said to be produced by heating codeine 
hydrochloride with a concentrated solution of zinc chloride for fifteen 
minutes. It is described as gummy, insoluble in water, soluble in 
alcohol and ether, and yielding amorphous salts. In physiological 
action it is a valuable expectorant and mild emetic. Apocodeine gives 
a characteristic blood-red colour with nitric acid. D. B. Dott doubts 
the existence of apocodeine, and states that commercial apocodeine 
hydrochloride is not of a very definite nature, being probably a mixture 
of an amorphous modification of codeine, polymerised bases, chloroco- 
^^ifle, and apomorphine. The physiological results appear to har- 
monise with this view {Pharm, Jour,, 1891 [Hi], 21, 878, 916, 955, 996). 

Basic Associates of Morphine. 

As already stated, opium contains a large number of bases, some 
of which are present in very minute amount, or are altogether absent 
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from some samples. The names, formulae, solubilities, and chief colour 
reactions of these alkaloids have already been given, and morphine has 
also been described at length. The following are additional facts 
respecting the less important bases of opium. 

Aporeine is reported by Pavesi {Chem. Centralb.^ 190S) 826) as 

occurring in the seed capsules of Papaver Dubium from which it was 
extracted by petroleum ether, using a method similar to that of Hesse 
for extraction of rhocadine. The yield was 0.015%. 

Aporeine is a yellowish, amorphous pow'der which forms a hydro- 
chloride in microscopic crystalline plates from ether, chloroform or 
petroleum ether; m. p. of the hydrochloride, 230°. It produces a 
burning, and numbing sensation on the tongue and is a tetanic poison 
resembling thebaine. 

Its aqueous solution is precipitated by silver nitrate and phospho- 
molybdic acid. 

On dissolving the dry alkaloid in sulphuric acid and adding nitric 
acid (1.30) the solution changes from violet, through brown to yellow 
and the same colours are given by sulphuric acid and potassium chlo- 
rate. P’rohde’s reagent gives a grey-blue, changing to green then 
bro\\Ti and yellow^. 

Sulphuric acid with formaldehyde gives a green, turning to blue and 
finally black. 

Codamine, C2(,H2504N, melts at 126° when crystallised from 
benzol, and 121° when separated from alcohol or ether. It forms 
large six-sided prisms, which can be sublimed. It dissolves moder- 
ately easily in hot water, giving an alkaline solution. Its salts, which 
are amorphous, give precipitates with alkali hydroxides and ammonia, 
soluble in excess of either reagent; with nitric acid codamine gives a 
dark green colouration; with sulphuric acid, and in presence of a 
minute quantity of ferric chloride, a greenish-blue. For other colour 
reactions and solubilities, see page 363 et seq. 

Cryptopine, C21H23O3N, occurs in but very small quantity in 
opium, and is precipitated on adding sodium hydroxide to the mother- 
liquor from which codeine, narceine, thebaine and papaverine have 
been separated. It crystallises from alcohol in minute six-sided 
prisms and has a m. p. of 218°. It is optically inactive, sparingly 
soluble in boiling alcohol, very slightly in benzene or petroleum 
spirit, but more readily in chloroform. When freshly precipitated 
it is soluble in ether, but slowly separates from the solution. 
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Cryptopine and its salts have a bitter »taste and pungent cooling 
after-taste; they are hypnotic and mydriatic. 

Cryptopine salts when dissolved in hot water usually produce on 
cooling a gelatinous mass, which is gradually changed to crystals. 
The normal sulphate does not crystallise; the acid salt gelatinises, as the 
solution cools, and the jelly shows but slight signs of crystallising, 
even after standing several weeks. The acid oxalate and acid tartrate 
are very sparingly soluble. Neutral cryptopine meconate, (CjiHja- 
10H3O, is insoluble in cold, and but slightly soluble 
in boiling water, and is probably the form in which the alkaloid exists 
in opium (Pkarm. Jour., 1888 [Hi], 18, 250). 

Gnoscopine, C22H23O7N, occurs in the mother-liquors of narceine. 
When recrystallised from boiling spirit the base forms long, thin, white 
needles, having a wooly appearance when dried. 

It may be prepared from narcotine by heating with acetic acid to 
130® and Dobbie and Lauder have shown that it gives the same 
absorption spectrum as narcotine. For method of preparing see also 
Rabe and McMillan {Ber., 1910, 43, 800). 

More recently Perkin and Robinson {Proc. Chem. Soc., 1910, 26, 
46, 13 1) have demonstrated that it is racemic narcotine. They sep- 
arated the d- and /-varieties by fractional crystallisation of its d-bromo- 
camphorsulphonate from acetic ether. By boiling cotamine and 
meconin with potassium carbonate in alcohol dt-narcotine, identical 
with gnoscopine, was synthesised. The synthisis of cotamine by 
Salway (/. Chem. Soc., 1910, 97, 1208) therefore makes the synthisis 
of gynoscopine complete. Gnoscopine probably docs not exist in 
opium as such, but is produced from narcotine by racemisation. 
It melts at 228°, decomposing at the same time, and burns with a 
smoky flame, leaving a skeleton of charcoal. In pure sulphuric acid, 
gnoscopine dissolves with slightly yellow colour, which becomes at once 
carmine-red upon addition of a trace of nitric acid, the colour being 
permanent. This reaction distinguishes the base from rhoeadinc, 
which becomes red with sulphuric or hydrochloric acid alone {Pharm. 
Jour, [ri*/], g, 82). Gnoscopine hydrochloride gives a buff-coloured 
precipitate with platinic chloride. 

Hydrocotarnine, CijHjsOjN, is formed from narcotine, together 
with meconin, by the action of nascent hydrogen, or by the hydrolysis 
of narcotine with formation of opianic acid as indicated on page 3 58. 

It crystallises in prisms contaming 1/2 molecule of water and which 
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melt at 55®. It is insoluble, in water and alkalies but readily soluble 
in alcohol, chloroform and ether. The base may be distilled with 
little decomposition at about 100®. It forms easily soluble salts and 
is more poisonous than cotarnine and narcotine. Its constitution is 
that of a derivative of methyltetrahydroisoquinoline. 

Lanthopine, C23H25O4N, is obtained from the mother-liquors left 
from the preparation of morphine by the Robertson- Gregory process 
(see page 372). It is a weak base, forming no acetate, crystallising 
from chloroform in small prisms, melting at about 200°. It is insol- 
uble in alkalies, slightly soluble in alcohol, ether and benzol, but 
so mQ what more readily soluble in chloroform. It is coloured orange- 
red by nitric acid, and pale violet by sulphuric acid, the latter colour 
changing to a dark brown on heating. (See also pages 367, 368.) 

Laudanine, C20H25O4N, as indicated by the researches of Hesse 
is «-methyl-trimethylpapaveroline. It is found with lanthopine and 
has been prepared on a commercial scale by Merck from opium 
mother-liquors, but the yield is only one-third that of cryptopine. 
Laudanine crystallises from its solution in boiling alcohol in transparent 
granules or hexagonal prisms melting at 166°. Laudanine is optically 
inactive, tasteless, and poisonous, the hydrochloride being bitter and 
resembling strychnine in its effects. It resembles morphine in dis- 
solving in alkali hydroxide solutions, but the sodium-derivative is 
reprecipitated in glistening white needles on adding excess of alkali 
hydroxide. From its solution in alkali hydroxide, laudanine is wholly 
unremoved by chloroform or amyl alcohol, but is extracted if pre- 
cipitated by ammonia. Its phenolic character is further evidenced 
by the green colouration yielded with ferric chloride. Treatment with 
methyl iodide converts laudanine into a base chemically resembling 
codeine, and distinct from laudanosine. The solution of laudanine 
in pure concentrated sulphuric acid has only a very faint pink tint; 
the same acid containing iron yields a slightly deeper tint; but on 
heating either solution till the acid begins to volatilise, a violet coloura- 
tion is obtained. With nitric acid, laudanine gives an orange-red 
colour. Laudanine is a strong base, having an alkaline reaction, and 
forms well-crystallised salts of a bitter taste. BHI is sparingly soluble 
in cold water, and BHCl easily soluble in water, but nearly insoluble 
in brine. (See also pages 363, 367.) 

Laudanidinei CjoHjjO^N, which was discovered by Hesse in 
1894, very closely resembles laudanine and is probably its levo- 
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modification. It has a m. p. of 177° and is levorotatory, Hesse 
giving [a]D = -87-8°. 

Laudanosine, C21H27O4N, the constitution of which is described 
on page 361, is homologous with laudanine. It is insoluble in water 
and alkalies but soluble in alcohol, ether, chloroform and benzol, 
crystallising from the last solvent in needles which melt at 91°. Its 
solution is strongly alkaline, and it is dextrorotatory. 

In alcohol 97% C= 2 [«]”"= + 105^ 

In chloroform C=2 [«]d‘= + 

Both the free alkaloid and its salts are very bitter in taste and are 
strong tetanic poisons. Laudanorine is best isolated by conversion 
into its sparingly soluble hydriodide. It gives no colouration with 
ferric chloride. (See also page 367.) 

Morphine, Ci^HigOsN, has already been fully described. 

Meconidine, C31H23O4N forms a brownish-yellow amorphous 
mass, melting at about 58®, insoluble in water, soluble with diffi- 
culty in ammonia, but readily in alkali hydroxides. The base can- 
not be removed from its solution in caustic soda by agitation with 
ether, but is extracted from its ammoniacal and lime-water solutions. 
Meconidine is alkaline in reaction and nearly destitute of taste, but 
yields very bitter, unstable salts. It is very easily decomposed by 
mineral acids, with production of a rose colouration. It is dissolved 
by strong sulphuric acid with an olive-green, and by nitric acid with 
an orange-red colour. 

Narceine, C23H39O2N, is described as regards its constitution on 
page 360. This base was originally discovered by Pelletier, who 
attributed to it m. p. 92®, but Hesse found it to melt at 145°* 
This latter figure, although subsequently corrected by Hesse himself, 
has been generally adopted by compilers, though Claus and Meixncr 
found 162®; but E. Merck has shown {Chem, Zeit., 1889, 525) 
that the ordinary commercial alkaloid of English manufacture melts 
between 150 and 160®, and the. pure base at 170-171°.^ Narceine 
crystallises from water m long white prisms or delicate needles, con- 
taining 3H2O, which is driven off at 100®. It has a bitter taste, with 
styptic after-taste, and the researches of Von Schroder {Arch./. Expt. 
Pathol,, 1883, 132) indicate that it is the most strongly narcotic of all 
the opium alkaloids. It is optically inactive. It is very sparingly 

* Dott states that the m. p. is indefinite, as partial decomposition occurs. 
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soluble in cold water or alcohol, but dissolves very easily on heating. 
It is but slightly soluble in chloroform, and insoluble in ether, benzene 
and petroleum ether. Narceine is precipitated on adding ammonia 
or potassium hydroxide to solutions of its salts, but dissolves in excess 
of either reagent, and on addition of a large excess of alkali hydroxide 
is reprecipitated as any oily liquid. 

Narceine is a very weak base, the free alkaloid having a very feeble 
alkaline reaction to delicate litmus; the solutions of its salts may be 
titrated with litmus just as if the alkaloid were absent. The acetate is 
decomposed by water, and the base is said to be extracted by chloro- 
form (but not by amylic alcohol) from liquids containing even free 
mineral acids. BHCl forms needles or short stout prisms very easily 
soluble in water and alcohol, and melting with decomposition at 163°. 
Narceine liberated from the hydrochloride or other salts by ammonia 
retains hydrochloric acid with great persistency, and cannot be purified 
by recrystallisation from water or dilute alcohol. According to E. 
Merck {Chem. Zeit.y 1889, 13, 525; Pharm. Jour., 1889 [Hi], 19, 1034; 
20, 481) narceine can best be obtained pure by crystallisation from 
water containing some ammonia or alkali hydroxide, but a considerable 
quantity remains in permanent solution. For therapeutic purposes, 
the presence of a small proportion of hydrochloride is of no ♦conse- 
quence. and Merck considers that a preparation free from meconin, 
and so far freed from basic salt as not to melt below ^65°, is sufficiently 
pure. 

Chlorine-water, followed by ammonia, gives a blood-red colour with 
narceine, but many other substances {e. g., tannin) behave similarly. 
Potassium dichromate gives a crystalline precipitate after some time. 
Iodine gives a brown precipitate in narceine solutions, but if ammonia 
be added to remove excess of iodine the precipitate is seen to be blue. 
Weak iodine solution colours narceine black-blue; in boiling water a 
colourless solution is obtained, but the crystals formed on cooling have 
a violet or blue colour. Sulphunc acid containing iodic acid gives with 
narceine a black colouration changi^ to red (see also page 365 et seq)- 

A substance called meconarceine nas been described by Merck Imt 
it is a mixture of variable composition. (See Pharm. Zeit., 1889, 
34» 90 ) 

Narcotine, ‘ C22H23O7N, occurs in opium in very variable quantity, 
the usual range being from 1.3 to nearly 11%, but some samples con- 

1 The constitution and decomposition-products of narcotine are described on page 35^- 
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tain traces too minute to be recognised by the usual methods. Nar- 
cotine may be extracted from dried opium by ether or benzene, or by 
the same solvents from the precipitate produced by ammonia in the 
aqueous solution of opium. ^ It may be separated from narceine by 
precipitating the solution with excess of ammonia, when the narceine 
remains in solution. 

Narcotine crystallises from alcohol or ether in colourless, transparent, 
glittering prisms or groups of needles, which melt at 176°, and resolidify 
at 130°, crystallising if cooled slowly. Above 200° narcotine is decom- 
posed into meconin and cotarnine. It is feebly narcotic, cxliibiting 
poisonous effects only in somewhat large doses (1.5 to 3.0 grm.). 
The solid base is nearly tasteless, but the solutions are bitter. In the 
free state narcotine is Icvorotatory, but the salts exhibit dextrorotation 
Hesse found the following rotation in different solvents: 

In alcohol 97% € = 0.74 

In chloroform €=2-5 - ipi-S® 

2 mol. HCl -t- water C=2 +47*o°. 

10 mol. HCl + water C=2 +50.0°. 

2 mol. HCl + alcohol 80% C-2 [a]” + 145 * 5 ® 

For a solution in benzene Dott and Peddie found 80=^229® 
(when C was 1.5), and for a solution in dilute oxalic acid, 5 ^= +62®. 

D. B. Dott has obtained the acetate, sulphate and hydrochloride 
of narcotine in a crystalline state; but the first of these salts is almost 
completely decomposed by solution, the base being precipitated and 
free acetic acid formed. The same reaction occurs when sodium 
acetate is added to a solution of narcotine hydrochloride (compare 
370)- The hydrochloride and sulphate of narcotine are some- 
what more stable, their solutions remaining clear even when largely 
diluted; but they react with litmus just as if the acid were uncombined,* 
and yield the narcotine to chloroform and similar solvents. These facts 
prove the basic properties of narcotine to be very feebly marked. 

Narcotine was at one time used to some extent in India as an anti- 
periodic in place of quinine because of its lower cost at that time. For 
an extended paper on its pharmacology see Crawford and Dohme 
(Proc. A. Ph. A.^ 1902, 472), 

' Opium from which the narcotine has been removed in this manner is an article of com- 
merce; it constitutes the so-called deodorised opium of the pharmacopoeias. 

Narcotine hydrochloride is neutral to methyl-orange (Dott). 

VOL VI.— 36 
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Narcotine meconate forms a syrupy solution, which on evaporation 
dries to a varnish which redissolves perfectly in water. 

The alkali hydroxides, alkali carbonates, and ammonia throw 
down narcotine as a white crystalline precipitate, almost insoluble 
in cold water and in excess of the precipitants. It may be ex- 
tracted from the alkaline liquid by chloroform or benzene, or less 
readily by ether or amyl aclohol. It is practically unaffected by 
petroleum spirit. 

Narcotine is precipitated by the usual alkaloidal reagents, but the 
reactions are not very characteristic. With potassium thiocyanate 
it yields a crystalline precipitate readily soluble in acids, even in acetic 
acid. Iodised potassium iodide precipitates narcotine from extremely 
dilute solutions. Narcotine may be precipitated and titrated by 
Mayer’s solution. 

If a solution of narcotine in dilute hydrochloric acid be treated 
with bromine, a yellow precipitate is obtained, which dissolves on 
boiling; by gradually adding bromine-water, and boiling, a fine rose 
colour is produced, but is readily destroyed by excess of bromine. The 
reaction is characteristic. With chlorine-water, narcotine gives a 
yellowish-green colour, turned orange by ammonia. Iodic acid gives 
no colouration with narcotine. If narcotine be mixed with twice its 
weight of cane-sugar, and the mixture moistened with strong sul- 
phuric acid, a fine and persistent mahogany-brown colouration is 
produced, said by M. Robin to be highly characteristic. (Sec also 
page 381.) 

According to Labat if o.i c.c. of a 1% solution of narcotine in 10^ ^ 
sulphuric acid is added to 2 c.c. sulphuric acid (1.84) and then solutions 
of various phenolic substances added, on warming intense colour 
reactions are given. Use o.i c.c. of the reagent. 

Gallic acid (1:20), emerald green turning to blue. 

Guaiacol or catechol (1:20), red changing to violet. 

Morphine (1:50), violet. 

Very similar reactions are obtained by oxidation of narcotine with 
potassium permanganate which forms opianic acid, then adding alcohol 
and subsequently treating as above. The colour reactions are due to 
opianic acid. 

For a process to assay opium for narcotine see under Codeine 

page 393- 

Oxynarcotine, CjjHjjO.N, is contained in the mother-liquors of 
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narcotine.' It forms minute crystals, somewhat soluble in hot water, 
but little soluble in hot alcohol, and insoluble in ether, chloroform or 
benzol. By oxidation with ferric chloride it yields cotarnine and 
hemipinic acid. BHCI+2H2O forms crystals. 

Papaverine, C20H21O4N, is a weak base of feeble narcotic prop- 
erties. It is separated from narcotine by crystallisation from a 
strong solution in oxalic acid, the acid oxalate of papaverine (m. p. 
196°) being very sparingly soluble. Papaverine crystallises in rhom- 
bic prisms or needles, or sometimes in scales, melting at 147°. It 
is practically inactive; Goldschmidt gives = -fo.ii® in chloro- 
form where €=17.8. 

The neutral succinate forms large tabular crystals melting at 171°, 
and soluble in hot water; the benzoatej triclinic crystals melting at 145°, 
and soluble in alcohol but insoluble in water; and the salicylate, 
monoclinic crystals melting at 130°. Sulphuric acid containing iodic 
acid gives with papaverine a purple colour, turning black and green. 
Dilute solutions of papaverine salts are not precipitated by phospho- 
molybdic acid. Tincture of iodine, added to an alcoholic solution 
of papaverine, gives gradually a precipitate of crystalline needles. 
With potassio-iodide of cadmium, papaverine yields a dense white 
precipitate. 

Several colour reactions of papaverine are described on page 365, 
but Pictet and Kramers (Bcr., 1910, 43, 1329) have recently shown 
that many of the colour reactions given by papaverine have been due 
to cryptopine present as an impurity. 

Papaverosine, found by Deschamps (1864) in the dried seed 
capsules of the poppy, crystallised in prisms, was soluble in alcohol, 
ether, chloroform and benzene, and formed a gummy hydrochloride. 
With sulphuric acid it gave a violet colouration. 

Porphyroxine, described by Merck in 1837 the red colouring 
matter of opium, according to Hesse is a mixture of several bases, one 
of which is meconidine, and another probably rheeadine, which latter 
alkaloid also occurs in the capsules and other parts of the red poppy. 
Kanny Lall Dey (Pharm. Jour., 1882 [f«], 12, 397) states that by 
treating the aqueous extract of Indian opium with ammonia, or 
sodium carbonate, and immediately agitating with ether, the ethereal 
solution always leaves on evaporation a substance (rheeadine?) which, 

Oxynarcotine was first isolated in an impure condition by D. Brown, from crude nar- 
ceine. This product was purified and analysed by Alder Wright and Beckett. 
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when warmed with dilute hydrochloric acid, gives a rich purple colour- 
ation, and he recommends the reaction as a test for Indian opium. ^ 
With Turkey and Smyrna opium no such reaction is obtained. 

Protopine, CjoHi^O^N, appears to be the most widely distributed 
of all the opium alkaloids. It is found in very minute quantity in 
opium, but has been met with also in Macleya cordata, Stylophorum 
diphyltuniySanguinaria canadensis^ Chelidonium majus and in Corydalis 
veruyi to the extent of 0.13%. Protopine resembles cryptopine, but 
the solutions of its salts have a bitter taste, and do not gelatinise on 
cooling. In small doses, protopine acts on frogs as a narcotic, and in 
stronger doses paralyses the muscle-substance and the peripheral ends 
of the nerves. Upon mammals it has a poisonous action like that of 
camphor, but differs from it in paralysing the circulating organs. 
(See also pages 354, 367.) 

Pseudomorphine. Oxydimorphine, This alkaloid 

is best purified by solution in ammonia, from which it crystallises 
in colourless leaflets or delicate silky needles containing 3H2O which 
on heating decompose without melting. It is a very weak base, 
forming no acetate, and is without action on vegetable colours. It is 
tasteless and not poisonous. It dissolves readily in alkali hydroxides 
and milk of lime, but is insoluble in all the ordinary alcoholic and 
ethereal solvents, as also in water, in dilute sulphuric acid and alkaline 
carbonates. Its optical rotation is given by Hesse as follows: 

I mol. HCl + water, C=o.8 to 1.6 [a]o ‘“ - 114*76®+ 4-96 C. 

5 1/2 mol. NajO + water, C=2 [«]”*=• -198.9°. 

Its most soluble salt is the hydrochloride, which requires 70 parts 
of cold water for solution. On adding ammonia, avoiding excess, 
the alkaloid is precipitated in a crystalline state from the hot, 
and in a gelatinous state from the cold solution. Hesse finds that 
when pseudomorphine is mixed with an equal weight of cane- 
sugar, and strong sulphuric acid (pure) added, a characteristic dark 
green colouration is obtained, which gradually turns brown (compare 
test s, page 381). If the acid contain a minute quantity of iron, a blue 
colouration changing to green is produced. 

^ Merck repeatedly dip* a slip of filter paper In the ethereal solution, all<^ng it to dry 
spontaneously after each immersion. The paper is then moistened with hydrochlonc 
and exposed to steam, when it will acquire, especially after drying, a more or less distm 
rose-red colour. , . . j o.«,rrna 

• Pscudomorphine occurs very rarely, having been observed by Hesse in gpro 
opium only once in 4 years. It may be prepared by treating morphine with oxiois s 
agents of moderate power, such as potassium ferricyanide or dilute permanganate. 
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In forensic examinations it may be met with as a transformation 
product of morphine in the body. (See Reichardt, Ph, Centralh.y 
1908, 49, 95I-) 

Rhoeadine, CjiHjiO^N, exists in all parts of the red poppy {Papaver 
RJiccas)j and in the ripe seed-capsules of the white poppy. It forms 
small white prisms, which are tasteless and not poisonous. It melts 
at 232° and is but slightly soluble in water, ammonia, alcohol, ether, 
chloroform and benzol. Its solutions in weak acids, avoiding excess, 
are colourless, but on adding excess of sulphuric or strong hydrochloric 
acid a purple-red colour is produced. This is destroyed by alkalies 
and restored by acids, and is so intense that i part of rheeadine will 
colour 10,000 parts of water purple-red, 200,000 deep rose-red, and 
800,000 distinctly red, although only a fraction of the base is con- 
verted into colouring matter. The colourless solution of rhoeadine in 
acids is precipitated by tannin. On adding potassium iodide to 
a solution of the acetate, the hydriodide is precipitated as a dense 
crystalline mass, consisting of microscopic prisms. An aqueous 
solution of rhoeadine becomes red by prolonged boiling, part of the 
alkaloid being converted into the isomeric base rheeagenine (soluble 
without colour in acids), and on adding a drop of hydrochloric or 
sulphuric acid the whole base is decomposed, the solution acquiring a 
purple-red colour. Cold dilute sulphuric acid converts solid rhoeadine 
into a colourless resinous mass, which soon dissolves with splendid 
purple colour, changing to dark purple on boiling, and depositing on 
cooling small prisms which are brownish-red by transmitted and green 
by reflected light; while the liquid retains rheeagenine equal to 99% 
of the rhoeadine present, together with the colouring matter. 

Opium sometimes contains a base which gives the above colour- 
reactions with sulphuric acid, but it is somewhat doubtful if it is 
actually rhoeadine. (Compare Porphyroxine, page 403.) 

Thebaine, CigHjiOaN, is described as to its structure and relation 
to other opium alkaloids on page 356. Thebaine occurs in opium in 
proportions ranging from 0.15 to 1.0%. It crystallises in silvery 
scales from dilute alcohol, and in needles or hard quadatic prisms 
from strong alcohol. It melts at 193° and some observers state that 
it sublimes at 135°, but Hesse and Dott agree that this is not the case. 
It is almost insoluble in water and alkalies, soluble in 10 parts alcohol 
and in 140 parts ether at 10°; readily soluble in chloroform and benzol. 
It is levorotatory. 
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In alcohol 97%, C= i [a]” — 216.4®. 

In chloroform C=5 [a]“‘= —229.5°. 

It has a sharp and styptic taste, and is a powerful tetanic poison, 
producing symptoms resembling those due to stryclinine. The fatal 
dose is smaller than that of morphine. Thebaine gives a reddish- 
brown colouration with chlorine-water and ammonia. Its other 
colour-reactions (and its solubilities) have already been described. 
(See page 363 et seq.) For some additional colour tests sec Reichard 
{Pharm. Centralh., 1906, 47, 623). 

Thebaine is stated to be extracted (with some difficulty) by chloro- 
form from its acid solutions; but tire statement requires conlirmation, 
as it is inconsistent with the strongly-marked basic characters of ihe- 
baine.^ From narcotine, thebaine may be separated by treating tlie 
concentrated acetic solution with excess of basic lead acetate, which 
precipitates the narcotine only. It may be removed from the aqueous 
opium extract in the course of a morphine assay, as the almost insoluble 
thebaine salicylate by the use of sodium salicylate. 

Dilute acids readily alter thebaine, converting it into the amor])hous 
base thebenine, CjgHjgOjN, which is sparingly soluble in hot alcohol 
and insoluble in other simple solvents. When heated to 90°, under 
pressure, with fuming hydrochloric acid, thebaine yields 
CigHigNOg, which crystallises from benzol in plates, melting at 
190-191°; insoluble in alcohol and ether, slightly soluble in water and 
easily in alkalic.s. (See Howard, Ber., 1884, 17, 527; 1886, 19, 150(5, 
and Freund, Ber., 1899, 32, 168.) 

Tritopine, C42H5^07N2, was isolated by Kauder in minute quantity 
from the mother-liquors of the opium-alkaloid manufacture. It 
resembles morphine and laudanine in being soluble in NaOII solution, 
but is reprecipitated in the form of an oil by a large excess of the reagent. 
Tritopine crystallises in characteristic anhydrous, transparent, needle- 
like plates melting at 182°, easily solul)le in chloroform and alkalies, 
but only slightly in ether or petroleum ether. With sulphuric acid it 
behaves like laudanine. It appears to be a di-acid base {Arch- 
Phartn. 228, 419) and closely resembles laudanine, laudanidine and 
laudanosine. 

Xanthaline, CjoHi^OjN, was isolated from opium by T. and H. 
Smith {Phartn. Jaur.y 1893 l*^]» 23, 793) and by them given the 

> It is possible that certain thebaine salts are soluble in chloroform (as are those of codeine) 
and are dissolved as such by agitating their aqueous solutions with chloroform. 
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formula CayHggNjOg, but Dobson and Perkin have recently investi- 
gated it (/. Chem. Soc.^ 191I) 99, 135) and give the first mentioned 
formula. Their work shows its identity with papaveraldine, a product 
of the oxidation of papaverine by permanganate. 

It is a crystalline powder, insoluble in water and alkalies, sparingly 
soluble in hot alcohol, more easily in benzol and readily in chloroform. 
It melts at 208° (Dobson and Perkin), 206° (T. and IL Smith), and by 
reduction with zinc and hydrochloric acid gives hydroxanthaliney 
melting at 137°. Xanthaline forms salts having a yellow colour, hence 
the name given it. It is not certain whether it is present in opium or 
is formed from papaverine during the process of extraction. 


Opium. 


Opium is a gummy mass, consisting of the inspissated juice from 
the incised unripe fruit-capsules of Papaver somniferum, hardened in 
the air. 

Opium is produced in Turkey, Asia Minor, Persia, India, China, 
and other countries, but Smyrna, Constantinople, or Turkey opium 
is the only variety recognised by the majority of the pharmacopoeias. 
Persian and East Indian opiums are imported chielly as sources of the 
opium alkaloids. ^ Chinese opium is wholly consumed locally. 

Opium varies considerably in appearance, composition, and quality, 
according to its origin and mode of preparation.- 

Opium is remarkable for the large number of definite, highly com- 
plex, crystalline principles contained in it. Of these the majority are 
alkaloids, a list of which is given on page 354. In addition, opium 
contains acetic, lactic, sulphuric and meconic acids, the last substance 
being peculiar to opium. Besides these bodies and the inorganic con- 
stituents, opium also contains the indifferent bodies meconin, mecono- 
iosin, and opionin, and a variety of sugar, together with gummy and 
pectous matters, albumin, wax, fat, caoutchouc, resin, and a humoid 


’ The variety of poppy cultivated in Asia Minor is said to be the black, which usually has 
purple flowers, and black, though occasionally white, seeds. It is said to be usually richer 
in morphine than that from the -flowering ana white-seeded poppy, which is rich in 
narcotine, and appears to bo the only kind cultivated in Egypt, Persia, India, China, and 
Japan. (For a chemical distinction between Turkey and Indian opium, see pages 403. 404). 

’The product of Asia Minor entering commerce largely as Smyrna opium, occurs in 
rounded, irregularly formed, or flattened masses, varying in weight but commonly about 
8 ounces to * pounds, usually covered with portions of poppy leaves, and scattered over 
"^ith the reddish-brown chaffy fruits of a species of Rumex. When fresh, plastic and inter- 
"iiny somewhat moist, coarsely granular, and reddish- or chestnut-brown, but becoming 
narder by keeping, and darkening to blackish-brown. Odour strong, peculiar, narcotic; 
^te nauseously bitter. 
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acid. Woody fibre and other extraneous matters are also frequently 
present; but genuine opium is wholly free from both starch and tannin. 
The following may be taken as the general composition of opium: 


% 


Morphine / 6 to 15, 

1 average 8 

Narcotine 4 to 8 

Other alkaloids 0.5 to a 

Meconin under 1 

Meconic acid / 3 to 8, , 

I average 4 ' 

Peculiar resin and caoutchouc. . 5 to 10 1 


I to 4 

Gum and soluble humoid acid 40 to 56 

substances. 

Insoluble matters and mucus. 18 to 20 

Ash 4 to g 

Water ( 8 to to 


average 20, 


Alkaloids . — Morphine is the most abundant of the bases of opium, 
and the most valuable of the constituents. It exists in opium in com- 
bination with sulphuric and meconic acid. The various pharmaco- 
poeias differ as to their standards for the morphine content of opium, 
but good gum opium should contain from 9 to 11% of morphine and 
if dried should range from 12 to 15%. Good Smyrna opium deprived 
of water usually contains from 12 to 15% of morphine, though cakes 
from the same case are apt to vary considerably; but if the proportion 
be below io% on the dry substance, adulteration may be suspected. 
Egyptian opium is poorer in morphine than that from Asia Minor, 
the proportion ranging from 6 to 12%, but it contains a larger pro- 
portion of narcotine. Persian opium is extremely variable in quality, 
probably partly in consequence of the practice of mixing it with sugar 
and other adulterants, though much of it is equal to ordinary Turkish 
opium. East Indian opium is, as a rule, remarkably weak in morphine, 
the proportion being sometimes as low as 2.5%, more commonly 
between 3.5 and 5, and occasionally as high as 8 or 9%. This inferi- 
ority is probably partly due to climate and partly to defective methods 
of collection and preparation. ‘ The variety known as “Patna garden 
opium” is prepared specially for medical use, and contains from 7 to 
8% of morphine. In Qiinese opium, the proportion of morphine is 
generally low. French opium yielded Guibourt from 14.4 to 22.89; of 
morphine, and German from 16.5 to 20%; that from the white poppy 
containing, according to Biltz, 6.8%(?). Algerian opium from red 
poppies yielded 10.4 to 17.8% of morphine, and from white poppies 
1*5 to 8.5%(?). In the United States opium, the proportions of 
morphine observed have ranged from 6 to 15%. 

The morphine in opium is usually stated to exist in combination 

* Aubergier states that in one case the product contained 18% of morphine, while the 
opium from a neighbouring farm, where the collection was made somewhat later, containca 
only 11%. 
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with meconic acid, but Dott has shown that morphine ordinarily 
exists in opium partly as meconate and partly as sulphate. ^ Dohme’s 
investigation {Am. Jour. Pharm.y 1891, 73, 164) led him to conclude 
that morphine and also codeine and narceine are combined with 
sulphuric acid in opium, while the meconic acid is partly free and 
partly combined with narcotine. In some cases traces of acetate and 
lactate are present. 

Narcotine exists in opium in widely varying proportions and often 
in considerable abundance. Upward of 10% has been occasionally 
met with. East Indian opium always contains more narcotine than 
morphine, while French opium sometimes affords neither narcotine 
narceine, nor thebaine. 

The narcotine in opium is generally assumed to be uncombined, 
as it is readily extracted by treating the original (dried) substance 
with ether or benzin; but as narcotine is readily removed from the 
acidified solutions of most of its salts by agitation with a suitable 
solvent, such as chloroform or benzin, it does not follow that its 
extraction from opium is due to its presence in a free state. It most 
probably usually exists as meconate. Occasionally the narcotine 
resists the action of solvents, unless the sample of opium has been 


previously treated with ammonia.* 

» Pharm. Joum., 1884 [in'], 14, 389. This conclusion is based on the following observations: 
I. An alcoholic extract of opium contains sulphuric acid, winch cannot be in combination 
with alkaloids, as metallic sulphates are insoluble in alcohol, a. An aqi^us extract of 
opium contains sulphuric acid in quantity sufficient to combine with the whole ol ^e mor- 
pmne. 3. The same extract contains meconic acid in quantity insuthcient to convert all the 
morphine into meconate. 4. The same extract contains inorganic and organic bases with 
which the sulphuric acid will unite in preference to the morphine, and the remainder of the 
sulphuric acia will not suffice to combine with all the morphine. (See also Proc. Koy. oor. 

* Twelve samples of opium analysed by Fluckiger {Phartn. Journ., 1875 [till, S» 84s) gave 
the following analytical results. The proportions of morphine are most probably sensibly 
below the truth. 


Description of opium 


I. Patna 

a. Indian (1853-53) 

3. Akbari 

4. Behar 

S- Malwa 

h. Svnd 

7. Hyderabad 

Candeish 

9 Persian 

10. Egyptian 

Playford, Suffolk (1833). 
English (1859) 


Ethereal extract, consisting of 




Pure 


- 

narcotine 

Wax 

Crude narcotine 


14 . 2 

10. 0 

4.0 

12.7 

9.0 

6.1 

13-5 

8.5 

S-S 

13.0 

7.6 

4 -S 

6.5 

7.6 

4-7 

9-4 

8.0 

3 . 1 

10.7 

9-7 

5.4 



7-7 

14.8 

10. a 

6.4 

XI .5 

13.3 

8.7 

8.8 

9.3 

6.0 

12.0 

11.6 

8.1 


Morphine 
Crude i Pure 


8.6 

4-3 

J -5 

4.6 

6.1 

3.8 

3-2 

6.1 


5.8 

4-3 

8.3 


Assays of 38 samples of opium, published by M. Adrian, showed a proportion of mor- 
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Porphyroxiney according to Kanny Lall Dey {Pharm, Jour., 1882 
[m], 12, 397), is a definite basic substance, always present in Indian 
opium, but absent from Turkey or Smyrna opium. Dey regards its 
presence as so constant and characteristic of Indian opium that he 
utilises it in toxicological investigations. 

The other alkaloids of opium have been observed in the following 
proportions: 


Codeine, 0.2 to 0.4%. 
Codamine, 0.003%. 
Cryptopine, very small. 
Lanthopine, 0.005%. 
Laudanine, 0.005%. 


Narceine, 0.02 to o.i (0.7)%.* 
Papaverine, 1.0%. 
Pseudomorphine, 0.02%. 
Rhoeadine, minute. 

Thebaine, 0.15 to 1.0%.^ 


Meconin, CjoHtoO^, is produced by the treatment of narcotine with 
zinc and hydrochloric acid and is a reduction product of opianic acid 
having the formula 


CHj— O 



OCH, 

It is found in opium in small quantities and was found also by Freund 
{Ber.y 22, 456) in Hydrastis canadensis. It has been synthesised from 
guaiacol by Fritsch {Ann.y 1898, 301, 351). 

Meconin is an indifferent substance, crystallising in colourless, 
shining six-sided prisms, which melt under water at 77®, or alone at 
102.5® and distil at 155®. It is odourless, bitter, and readily soluble in 
alcohol and chloroform, but only sparingly in ether. Meconin may 
be readily crystallised from boiling water, in which it is moderately 
soluble. 

The meconin contained in opium, in which it exists in the proportion 
of less than 1%, is probably a decomposition-product of narcotine. 

Meconin is extracted from its acidified aqueous solution by agitation 
with benzene, chloroform, or amyl alcohol, the first-named solvent 

phine exceeding 7% in all but a case*, the average being 10%. The narcotine averag^ 
2 . 5 %, but bore little relation to the proportion of morphine. A sample showing on* X 
3.87% of morphine contained 3.45 of narcotinc, while other samples contained over 
morphine and only the same percentage of narcotine. This variation is doubtless t^ 
reason why some samples of opium cause little or no headache and others occasion very 
disagreeable symptoms. 

^ Narceine often occurs more abundantly than thebaine. 
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being preferable. Meconin dissolves in concentrated sulphuric acid, 
without at first producing any colouration; but the solution gradually 
assumes a greenish tint, changing to reddish in the course of 24 hours. 
If the liquid be then warmed, the colour changes to emerald-green, 
blue, and purple, finally becoming red. The shades and order of 
the colours obtained depend much on the proportion of acid used, the 
tints being bluer and the reaction more delicate with a small quantity. 
Evaporated with slightly diluted sulphuric acid, meconin gives a green 
colouration. In concentrated hydrochloric acid it dissolves without 
change of colour, even on heating. If meconin be dissolved in strong 
sulphuric acid and a minute fragment of potassium nitrate added, a 
yellow colouration is obtained, rapidly changing to a fine scarlet, 
which fades slowly and is changed to yellow on heating. The reaction 
is delicate. 

An aqueous solution of meconin gives precipitates of characteristic 
microscopic appearance with iodised potassium iodide and a solution 
of bromine in hydrobromic acid (T. G. Wormley). 

Meconoisin, was obtained by T. and H. Smith in brown, 

leaf-like crystalline masses from the mother-liquors left on the isolation 
of meconin. When pure it is colourless, freely soluble in alcohol, 
ether, and hot water, fuses at 88°, and on evaporation with somewhat 
diluted sulphuric acid yields a red colour, changing to purple. 

Opionin, according to Hesse, is contained in small quantities in 
Smyrna opium. It forms white needles which melt at 227° and con- 
tain no nitrogen. It is insoluble in water, but dissolves in alkalies, 
alcohol, and ether. When boiled with milk of lime, opionin is decom- 
posed, an acid being formed which is freely soluble in water and ether, 
and gives a bulky precipitate with lead acetate in alkaline solution. 

Meconic Acid, C7H,07=C5H0j(0H):(C0.0H)j. This sub- 
stance is characteristic of opium, in which it e.xists chiefly in com- 
bination with the alkaloids, but sometimes a portion of it appears to 
be present in a free state. 

Meconic acid may be prepared from opium by precipitating the 
neutralised aqueous solution of the drug with calcium chloride, filter- 
ing, and decomposmg the precipitate of calcium meconate by repeated 
treatment with warm diluted hydrochloric acid. A preferable plan 
IS to precipitate the aqueous solution of opium with neutral lead acetate, 
filter, suspend the precipitate in water, and decompose it with a stream 
nf sulphuretted hydrogen. The filtered and concentrated solution 
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deposits meconic acid on addition of hydrochloric acid. The product 
may be purified by re-solution in hot water, cooling, and adding hydro- 
chloric acid. Meconic acid may also be conveniently prepared by 
precipitating it as the calcium salt, decomposing this with a slight excess 
of oxalic acid, filtering, and concentrating. See also Valenti {Boll 
Chim. Fann.y 1905, 44, 373 or J. Chem, Soc., 1905, 88, 788) for 
method of preparation and a few colour tests. 

Meconic acid crystallises in micaceous scales or small rhombic 
prisms containing 3H3O. On being heated to 100°, it loses its water 
of crystallisation and leaves a white effloresced mass. At 120° it 
splits up into carbon dioxide and comenic acid, CgH^Oj, which at a 
higher temperature again loses carbon dioxide, and forms pyromeconic 
acid, Comenic acid is but sparingly soluble in hot, and is 

almost insoluble in cold water. In absolute alcohol it is quite insoluble. 
Meconic acid dissolves in 115 parts of cold, or 4 parts of boiling water; 
its solubility in the cold is diminished by addition of hydrochloric acid, 
which therefore causes a precipitate in strong solutions. When the 
solution of meconic acid is boiled for some time, especially if hydro- 
chloric acid be present, comenic acid is formed, and crystallises out as 
the liquid cools. The aqueous solution of meconic acid has a sour, 
astringent taste, and strongly acid reaction. 

Meconic acid is freely soluble in alcohol (distinction from comenic 
acid) and is deposited in fine Crystals on spontaneous evaporation of 
the solution. It is much less readily soluble in ether, slightly solu- 
able in amyl alcohol, petroleum ether, or carbon disulphide and is 
almost wholly insoluble in chloroform. 

Nitric acid readily acts on meconic acid, much oxalic acid being 
formed. 

Meconic acid derives its chief analytical interest from the fact that 
it is strictly peculiar to opium and its preparations, and hence its 
positive detection is a decided proof of the presence of a preparation 
of opium. It is not poisonous. 

The microscopic appearance of the precipitates produced in not 

‘ The relationship between these 3 bodies appears to bo as follows: 

fOH fOH fOH 

C.HO, CO . OH C»HO» I H CiHOj H 

, (CO.OH [CO.OH Ih 

Meconic acid. Comenic acid. Pyromeconic 

Comenic acid forms prisms, ^minas or granules, insoluble in alcohol, soluble in 16 
of boiling wa^, but deposited on cooling. , , « 

Pyromeconic or pyrocomenic acid contains no carboxyl-group, and its acid , 

are very feebly marked. It crystallises in prisms, is readily soluble in water and i 

melts at 117® and boils at 337®, but sublimes slowly at the ordinary temperature a 
readily at 100®. 
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too dilute solutions of meconic acid or soluble meconates by barium 
chloride, calcium chloride, potassium ferrocyanide, and hydrochloric 
acid are highly characteristic. 

The most characteristic reaction of meconic acid is the formation 
of a deep purplish-red colouration on adding ferric chloride to the 
solution of meconic acid or a meconatc. The shade of colour is 
distinctly different from that of the ferric acetate or formate, and the 
ferric mcconate also differs from these in not being readily destroyed 
by boiling, or by adding cold dilute hydrochloric acid, and from the 
ferric thiocyanate in being unaffected on addition of mercuric chloride 
or auric chloride. ^ If any doubt exists as to the presence of an acetate, 
it is desirable to precipitate the neutralised solution with nitrate or 
neutral acetate of lead, wash the precipitated lead meconate thoroughly, 
suspend it in water, and decompose it with sulphuretted hydrogen. 
After evaporating the filtered liquid at a gentle heat to drive off the 
excess of sulphuretted hydrogen, the test with ferric chloride may be 
safely applied. Instead of adding ferric chloride to the solution of 
meconic acid, the reagent may be applied to the solid substance, as 
obtained by the evaporation of its aqueous or ethereal solution. 

The red colouration produced by meconic acid and a ferric salt 
is much weakened by oxalic and phosphoric acids, and still more so 
by metaphosphoric acid. 

Comcnic and pyromeconic acids also strike a red colouration with 
ferric chloride, but with the latter acid the colour is less deep, 

Meconic acid may be extracted from its acidified solutions by 
agitation with ether, a property which enables it to be readily separated 
from morphine, acetic acid, tannin, and other substances liable to 
interfere with the observance of its reaction with ferric chloride. The 
extraction is not perfect, even when several times repeated, and hence 
the method cannot be employed for quantitatife purposes. 

Meconic acid may be estimated by converting it into a lead salt, 
or colorimctrically by ferric chloride, by comparing the depths of tint 
produced by the sample with that obtained by treatment with a kno^^^l 
quantity of opium. Very fair approximate estimations of meconic 
^cid, and less accurately of opium, may be made in this way, even 
^ben the quantity of material at disposal is very insignificant. 

'Ihree of the atoms of hydrogen in meconic acid are replaceable 

(tulphocy&nides) exist in sensible quantity in the saliva (and hence in 

' '''’Stents of the stomach) and also in white mustai^. 
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by metals, but it is, properly speaking, dibasic, only 2 carboxyl groups 
CO. OH, being present. The third atom of hydrogen belongs to 
hydroxyl, and when this is replaced by metals basic salts of a yellow 
colour result. Astnie reports it as dibasic to most indicators such 
as methyl-orange but tribasic to Poirrier’s Blue. 

The metallic meconates are mostly insoluble in water, except the 
meconates of the alkali-metals. They are nearly all in.soluble in 
alcohol, and are but slightly affected by acetic acid. The salts 
having 2 atoms of basic hydrogen replaced by metals are neutral to 
litmus paper. 

Acid calcium meconate, CaH2[C7H(OH)Oe]2, is precipitated as 
a sparingly soluble salt of characteristic microscopic appearance on 
adding calcium chloride to not too dilute a solution of meconic acid 
or a soluble meconate. In presence of free ammonia, less soluble, 
yellow, dicalcium meconate^ Ca2(C7H(OH)Oe]2» is precipitated. On 
treating either of these salts with hot dilute hydrochloric acid, meconic 
acid crystallises out on cooling. 

Iron Meconates. — Ferrous meconate is a colourless, very soluble 
salt, which turns red on exposure to air. Ferric meconate exists in 
the purple-red liquid produced on adding a ferric salt to a soluble 
meconate. 

Lead meconate is obtained by precipitating meconic acid or a 
meconate (or an aqueous solution of opium) with neutral acetate of 
lead. The triplumbic meconate is stated to be formed even in presence 
of excess of meconic acid, but it is more probably a mixture or com- 
pound of the normal meconate, PbCjHjO^, with lead hydroxide. 
The precipitate is quite insoluble in cold and boiling water, and is not 
affected by acetic acid. 

Morphine meconate. has already been described (page 378). 

% 

Action of Solvents on Opium. 

The action of different solvents and reagents on opium and its 
constituents is briefly as follows: 

Water dissolves meconic acid readily, as also sulphate, meconate, 
and acetate of morphine. The morphine is very sparingly soluble 
in cold water, and narcotine still less so. Narceine is much more 
soluble than morphine, while the resins, caoutchouc, etc., are insoluble, 
though certain gummy matters pass into solution. 
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Alcohol dissolves free morphine as well as the acetate, meconate, 
and sparingly the sulphate. The other alkaloids of opium, as also 
the resin and caoutchouc, are dissolved by alcohol. 

Amylic alcohol dissolves all the alkaloids of opium, if in a free 
state. The resin also is slightly soluble in amylic alcohol. 

Ether, benzene, and carbon disulphide dissolve only about 
.05% of free morphine, but the other free alkaloids of opium more 
readily. These solvents also dissolve the caoutchouc, but not the 
resin. 

Acids dissolve all the alkaloids from opium, together with a resinoid 
substance. 

Fixed alkalies, used in excess, dissolve morphine freely, while 
narcotine remains insoluble. Lime water dissolves morphine, but 
is a solvent for narcotine only in presence of morphine. The resin 
of opium is partly soluble in alkalies. 

Ammonia dissolves morphine sparingly, narceine and codeine 
readily, while the other alkaloids and the resin of opium are 
insoluble. 

From the foregoing statements, the arrangement of which is mostly 
due to E. L. Cleaver (Year-book Pharm.y 1876, page 502), it follows 
that an aqueous solution of opium will contain sulphate and meconate 
of morphine and other alkaloids, calcium salts, meconic acid, extract- 
ives, and resmous matter. 

An alcoholic solution will contain, in addition to the above, free 
narcotine, caoutchouc, fat, and resin. 

Opium which has been exhausted with water still retains a bitter 
taste, but this is probably due to narcotine, as it is removed by carbon 
disulphide, benzene, or ether, in which morphine and its salts are 
insoluble. Water, even when cold, may be depended upon to dissolve 
the whole of the morphine from opium, if the resultant solution be 
distinctly acid. In some processes of assaying opium, the sample is 
subjected to a preliminary treatment with benzin, chloroform or ether 
to remove narcotine, caoutchouc, and colduring matter. By this means 
the subsequent exhaustion with water is much facilitated, and a purer 
solution of morphine is obtained. In presence of much narcoline, 
^lorphine is soluble in benzin, but this is not true of the sulphate, 
Meconate, or other salts of morphine. Hence there is no loss of 
Morphine on extracting opium with benzin. Meconate of mor- 
pWne is, however, freely soluble in a mixture of alcohol and chloro- 
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form; but the simultaneous presence of ether prevents its solution 
more or less completely. 

Adulterations and Assay of Opium. 

Opium is liable to a variety of adulterations, some of which are 
of a very gross kind. Sand, clay, ashes, stones, shot, bullets, lead 
turnings and other make-weights are occasionally met with. Suj^ar, 
gum tragacanth, pulp of apricots and figs, pounded poppy-capsules, 
and other vegetable substances of a saccharine, mucilaginous, and 
resinous nature are also employed. Aqueous extracts of poppies 
and of Glaucium luteum are said to be sometimes added in Turkey, 
though rarely if ever seen in the opium imported into England. Such 
adulterants are indicated by the darker colour and hygroscopic 
character of the product, by the difficulty in filtering the solution, 
and by the continuous streak which the sample leaves when drawn 
across a sheet of paper, whereas good opium makes an interrupted 
mark. 

The proportion of ash yielded by opium should not exceed 
The proportion of water in opium averages about 20%, the usual range 
being from 15 to 28%. It is best determined by taking a known 
weight of the opium in thin slices, and noting the loss in weight on 
drying at 100®. 

The extract of opium is determined by exhausting the dried sample 
with cold water, and collecting, drying, and weighing the residue; or 
evaporating the whole or an aliquot part of the solution to dryness, 
and weighing .the extractive matter left. Should the insoluble residue 
exceed 40 to 45% of the dried sample (equal to a minimum of sf/o 
extract), the presence of sand, clay, or other insoluble (mineral) 
adulterants is probable; while if the residue is below this proportion 
the presence of sugar, gum, or other soluble impurity is indicated. ^ 

* According to Hanbury and PlQckiger, drUd opium from Asia Minor should yield from 
55 to 66% — generally more than 6o — of extractive matter soluble in cold water, the pro- 
I)ortion of extract from Indian opium being from 6o to 68%. f 

The following are determinations by D. B. Dott (Year-book Pharm., 1876, page 49!^) 
the leading constituents of 18 samples of opium, purchased from druggists of good sUndins 
in London, Dublin and Edinburg. The aqueous extract was determined by subtracting 
the sum of the water and insoluble matter from 100.00. The proportion of 
calculated on the dried oi)ium averaged 11.06%. The proportion of morphine in the ary 
extract was 18.3%. (Compare page 418.) 
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Hager recommends the following additional tests for the purity 
of opium: 25 grains weight of the previously dried sample is triturated 
with half an ounce of boiling water, when the formation of a stiff paste 
will indicate the presence of starch, flour, gum, etc. 2 ounces of water 
should next be added and the liquid filtered. If the filtrate be brown 
or of a deeper colour than “wine-yellow,” the presence of liquorice 
or other vegetable extracts is probable. The liquid should have 
an acid reaction, or admixture with chalk, litharge, or ashes may be 
suspected. The liquid should give no reaction with potassium ferro- 
cyanide (heavy metals), and if evaporated to i ounce and treated 
with tw'ice its measure of alcohol no precipitate should be produced 
(indicative of adulteration with gum or certain salts). 

On agitating powdered opium with chloroform, any starch or 
mineral adulterants will settle out, and may be weighed and further 
examined microscopically and chemically. 

WTicn moist, opium is very liable to become mouldy, and hence 
should be dried at a moderate temperature and carefully preserved 
from the air. If kept in a damp condition, fungoid growths soon 
make their appearance, and gradually diminish and destroy the aroma 
of the opium, besides materially reducing its alkaloidal value. 


Estimation of Morphine in Opium. 


By far the most important item in the examination of opium is the 
estimation of the morphine present. The proportion of this con- 


Description of opium 

Water 

Percentage composition 

I„so,.r«idu. 1 

%of 

morphine 

(hydrated) 

I. Turkey 

19.6 

32.60 

47.80 

10.75 

2. Turkey 

ao.o 

aS.Ss 

si.ts 

13. 30 

3. Turkey 

a6.o 

35-95 

48.05 

10 . 30 

4- Turkey 

ai .7 

33.70 

55.10 

7.57 

S. iurkev 

77.0 

30.95 

47-05 

9.60 

0 - Turkey 

18.4 

35-45 

56.15 

11.69 

1 Turkey 

19. a 

35.90 

54.90 

13.30 

8. Turkey 

ao .4 

34-30 

45.40 

12.30 

9. Turkey... 

ay . a 

35.80 

37.00 

6.76 

*0. Turkey 

aria 

38.80 

40.00 

9.80 

n. Turkey 

aa.8 

79. ^o 

47.50 

8.85 

Turkey 

31.3 

47.90 

ao.90 

6.93 

*3. Persian 

H. Persian 

14.0 1 

X J . 0 1 

36.80 

59.30 

6.00 

8 . 50 



16.0 

35.90 

58.10 

3.10 

Malwa. . . 

1 4 . a i 

a4.io 

60.70 

7.30 

U. Malwa 

*3.6 j 
14.8 1 

35.30 

6t , ao 

5.88 

Egyptian 

38.30 

56.90 

7.00 

Average. . 

19.70 

1 

1 39.86 

1 

j 50.44 

8.88 
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stituent varies considerably, as already staled; but dried and powdered 
opium intended for medicinal use should assay not less than 10%. 

The assay of opium for morphine has received much attention, tlic 
investigators being very numerous and the bibliography very extensiM'. 
The accurate estimation of morphine in opium is attended with 
peculiar difliculties, and many of the processes which have been pub- 
lished give little better than rough approximations to the truth, 
especially when employed for the assay of abnormal samples. Because 
of the extraordinary’ extent of the literature on the assay of opium it is 
impossible to do more here than give the details of a few of the most 
prominent methods and refer in brief to some other of the most im- 
portant work on the subject. Even then many things of interest will 
of necessity be omitted. 

The sampling of opium for the purpose of analysis is doubtless 
often responsible for vaiy'ing reports which may be made on the same 
lot and for the purpose of analy.sis this is not ahvays an easy operation 
nor is it conducted on a uniform plan. J. B. Nagelvort recommends 
that small slices be cut by a knife from the interior of each lump and a 
lot of these pieces mixed together and 10 grm. given for the estimation 
of moisture. The remainder is dried, pulverised and the morphine 
estimated in it. 

Squibb recommends a more desirable form of sampling. Even' 
fifth lump from a case of opium, except the very small lumps, and every 
tenth lump of these, is separated for sampling. A cone-shaped piece 
is cut from each of these lumps, the apex to come from near the center 
of the lump, h'rom the side of each cone a narrow strip is cut, taking 
about an equal proportion from its whole length, so as to give a proper 
relation of quantity from the dry exterior and tlie moist center. These 
strips are collected together in a cone .so as to lose but little moisture 
by drying and the cones returned to the lumps. This sample whicli 
need not exceed 25 to 30 grm. for a case of opium is then used for tlie 
determination of moisture and morphine. 

The various pharmacopreias differ .somewhat in their standards for 
opium, that of the United Slates Pharmacopivia being not less tlian 
9% crystallised morphine in the gum opium and 12 to 12.5% in ‘iO' 
powdered opium. The British Pliarmacopaia requires 9.5 to 10.5' ( 
anhydrous morphine in powdered opium, while the German Phar^na- 
copocia, 1910, and the last Austrian Phannacopada require 10% anh}' 
drous morphine in powdered opium. The French Codex of 190S 
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gives a standard of 10 to 11% morphine in powdered opium and the 
Japanese Pharmacopevia adopts the same standard. The Brussels 
('ouference adopted a standard of 10% morphine for opium dried 
at 60°. 

The methods of assay difTer considerably and the process of the 
United States Pharmacopoeia^ British Pharmacopoeia and the German 
Pharmacopivia arc given in detail on the following pages. The 
Austrian process is nearly identical with the German, and the official 
French and Japanese processes arc likewise nearly identical, both being 
lime and ammonium chloride precipitation, which are not given in 
detail as a similar and rather preferable process is referred to in 
detail under the title of the Stevens method. 

The United States Pharmacopma^ Eighth Revision, uses the following 
method of assay which is practically identical with Squibb’s revised 
process (Ephemeris 3, 1152), this being based upon the earlier method 
of Fliickiger {Archiv. Pharm, [///], 27 , 721, 769; Pharm. Jour. [Hi], 
20, 588) and which is somewhat similar to that proposed by Tcsche- 
macher and Smith {Chem. News, 57 , 93, 103), the outline of which 
process may be still further traced to one originally devised by 
Prollius. 

“ Introduce the opium (which, if fresh, should be in very small pieces, 
and if dry, in very fine powder) into an Erlenmeyer flask having a 
capacity of about 300 c.c., add 100 c.c. of distilled water, stopper the 
tlask, and agitate it ever)' 10 minutes (or continuously in a mechanical 
shaker) during 3 hours. Then pour the contents as evenly as possible 
upon a wetted filter having a diameter of 12 cm., and, when the liquid 
has drained off, wash the residue with distilled water, carefully dropped 
upon the edges of the filter and its contents, until 150 c.c. of filtrate 
have been obtained. Then carefully transfer the moist opium back 
to the flask by means of a spatula, add 50 c.c. of distilled water, agitate 
it thoroughly and repeatedly during 1 5 minutes, and return the whole 
to the filter. When the liquid has drained off, wash the residue, as 
before, until the second filtrate measures 150 c.c., and finally collect 
about 20 c.c. more of a third filtrate. Evaporate carefully in a tared 
dish, first, the second filtrate to a small volume, then add the first 
filtrate, rinsing the vessels with tlie third filtrate, and continue the 
evaporation until the residue weighs 14 grm. Rotate the concentrated 
^ulution about in the dish until the rings of extract are redissolved, pour 
liquid into a tared Erlenmeyer flask having a capacity of about 
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100 C.C., and rinse the dish with a few drops of water at a time until 
the entire solution, after rinsings have been added to the flask, weighs 
20 grm. Then add lo grm. (or 12.2 c.c.) of alcohol, shake the llask 
well, add 25 c.c. of ether, and repeat the shaking. Now add 3.5 c.c. 
ammonia water (10%) from a graduated pipette or burette, stopper the 
flask with a sound cork, shake it thoroughly during 10 minutes, and then 
set it aside, in a moderately cool place, for at least 6 hours, or over 
night. Remove the stopper carefully, and should any crystals adhere 
to it, brush them into the flask. Decant the ethereal solution as com- 
pletely as possible through 2 counterpoised 7 cm. fdters. Add 10 c.c. 
of ether to the contents of the flask, rotate and again decant tlie ethereal 
layer upon the filter. Repeat tliis operation with another 10 c.c. of 
ether, then pour the aqueous liquid together with the crjstals on the 
filter, and w'hcn the liquid has passed through transfer the remaining 
crystals to the filter by vvashing the flask with several portions of water, 
using not more than 15 c.c. in all. A feather or rubber- tipped glass 
rod may be used to remove adhering crystals from the glass. Allow 
the filter to drain, then wash with water drop by drop until practically 
free from mother-liquor, afterward with alcohol previously saturated 
with powdered morphine, applied drop by drop. When tliis has 
passed through displace the alcohol by ether, using about 10 c.c. 
Allow the filter to dry in a moderately warm place at a temperature 
not exceeding 60*^ until its weight is constant. Transfer the crystals 
into a tared watch glass and weigh. Treat the impure crystals in a 
flask with lime w^ater (10 c.c. for each o.i grm. of morphine) and 
shake at intervals during half an hour. Filter through a counterpoised 
filter, rinsing the flask with more lime water and wasliing the fdter 
until the filtrate, after acidifying, gives no precipitate with Mayers’ 
reagent. Press the filters until nearly dry between bibulous paper 
and dry to constant weight, then weigh contents, using the outer 
filter as a counterpoise. Deduct the weight of insoluble matter on the 
filter from the weight of the impure morphine previously found. The 
difference multiplied by 10 represents the percentage of crystalli2ed 
morphine in the opium. 

Various minor modifications of this method have, from time to 
time, been proposed, and special emphasis is laid by different an- 
alysts on certain points in the manipulation. On the whole, the 
process is a fairly good one though somewhat tedious, its chief 
defect being that results obtained by it are not always concordant. 
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The morphine obtained by the precipitation is of very variable purity 
but the lime water purification largely corrects this. The quantity 
of morphine precipitated is affected by the temperature, time of stand- 
ing, and length and violence of shaking. The time is specified, but 
the temperature is not defined with any certainty and the thor- 
ouglmess of shaking probably accounts in considerable measure for 
discrepant results of different analysts. 

J. U. Lloyd (Proc. A. Pli. A., 1906, 454) states that the method is 
reported to him by chemists in the Orient, as not giving results suffi- 
ciently high, but these opinions are not borne out by American investi- 
gators. 

Tcschcmacher and Smith digested the precipitated, dried morphine 
with benzin to remove narcotine and such other opium alkaloids as 
might be present and this was also used by Dott {Pliarm. Jour. [///], 
22, 746). In view of the fact that they both ultimately determined 
the morphine by acid titration with liitmis indicator, and as narcotine, 
narceine and papaverine have no action on litmus and codeine is not 
only solulile in water, but readily in alcohol and ether, this treatment 
seems supertluous. The purification wdth lime water will leave any 
narcotine undissolvcd. Bergstrom states that in the presence of 
narcotine, high results arc obtained by titration with iodeosin, as this 
indicator is not wholly indifferent to narcotine. Longer standing has 
lieen recommended as giving more morphine, Bergstrom (Pharm. 
Centralh., 1906, 47, 632) stating that the precipitation of morphine is 
not complete even after 24 hours, but the higher results are undoubtedly 
attributable to impurities. Fromme (Caesar and Loretz, Rep., 1904, 
55) found that in precipitating morphine by ammonia in presence of 
ether after 24 hours’ standing, calcium meconate was present and in 
one case a lithium salt w'as also found. Later (Pharm. Zeit., 1907, 
52, 778) he reported that the difference between weight and titration 
of precipitated morphine was 0.05^;. to 0.15% after 10 minutes’ 
standing and about o.4''( after 24 hours’ standing. 

Mallinckrodt and Dunlap (J. Am. Chem. Soc., 1895, 27, 946) 
determined the composition of meconates contaminating morphine 
olitaincd by the Utiited Stales Pharmaropada 1890 process \vhich 
differs but little from that of the United States Pharmacopa ia, Eighth 
l^cvision, except in the final purification, and found that it was largely 
^(^(niinhammoniufn meconate, CaNH^CjH^O;. This salt requires 
^ore acid for neutralisation than does morphine, so titration by N / 10 
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acid does not show correctly the purity of the precipitated morphine. 
For this reason the lime water purification is preferable, 

Dohme {Bull, 99, Bureau Clietn.^ U. S. Dept. A^^ric., page 162) 
recommends the following modifications of the United States Phanua- 
copa'ia assay: 

Proceed as directed by the pharmacopoeia to precipitation of 
morphine. To the 20 grm. of aqueous extract add 60 grm. of alcohol, 
cork tlask, shake well for 1 minute, and set aside for 30 minutes, 
during which lime the precipitated material should have completely 
subsided. Decant the clear supernatant liquid into a tared 250 ( e. 
evaporating dish, transfer the precipitate to a 7 cm. filter previously 
moistened with a mixture of alcohol (3 parts) and water (i part). 'I he 
last portions of the residue are tran.sferred to the filter by using small 
portions of the above hydro-alcoholic solution. The filtrate is to he 
collected in the tared evaporating dish. Continue washing the residue 
and filter by dropping the alcoholic solution on the filter and the 
residue until the filtrate is no longer bitter. Add 35 c.c. of water to 
the contents of the evaporating dish and evaporate on water- bath to 
14 grm., then proceed as directed by the United States Pharmacopa ld, 
Lamar {ibid.) prefers the following: 

Place 10 grm. of the opium in a flask provided with a condensinj' 
tube and heat with 50 c.c. of 75% alcohol for aliout 10 minutes. 
Decant the fluid through a filter into a porcelain dish and extract the* 
opium once more with 50 c.c. of the same alcohol. Filter, put filter 
back in the flask, heat the contents of the flask with 30 c.c. of the alco- 
hol, filter again, and wash filter and residue with about 20 c.c. of the 
alcohol. 

The combined alcoholic solutions arc evaporated to a thin syruj), 
and then water is added until no more resin is precipitated. I He 
aqueous fluid is filtered and after thorough washing evaporatefl to 
about 15 grm. Then proceed as given under opium in the United 
States Pharmacopeia. 

The results obtained by 9 analy.sts and rcportetl liy Keblcr (ibid) 
indicate that the Lamar modification, though being somewhat more 
complicated, gives the best results and is to be preferred. A quite 
similar method is recommended by A. B. Lyons {Bull. A. Ph- 1 » 
1909, 4, 412). lie also calls attention to the need of care in the treat- 
ment of the morphine with lime water to avoid absorption of carlioa 
dioxide {Proc. A. Ph. A., 1906, 455). 
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Parker {ibid., 1907, 490, 497) suggests a method using lead sub- 
acetate to remove colouring matter and extractive. 

British Pharmacopoeia Process .^ — This method of assay is based 
on: The conversion of the resinous matters of opium into insoluble 
lime compounds; the decomposition of the morphine mcconate with 
formation of insoluble calcium meconate; the solubility of the resultant 
free morphine in lime-water; the decomposition of the solution by 
ammonium chloride, with formation of calcium chloride, ammonia, and 
free morphine; the use of alcohol to dissolve impurities, and of ether to 
promote the crystallisation of the alkaloid; and the collection, washing, 
and weighing of the morphine thus obtained. The following are the 
details of the process as laid down in the British Pharmacopa ia of 1898: 

“Take of powdered opium, dried at 100°, 14 grm.; lime, freshly 
slaked, 6 grm.; chloride of ammonium, 4 grm.; alcohol, ether, distilled 
water, of each a sufliciency. Triturate together the opium, lime, and 
40 c.c. of distilled water in a mortar until a uniform mi.xture results; 
then add 100 c.c. of distilled water, and stir occasionally during half 
an hour. Filter the mixture through a plaited filter about 10 cm. in 
diameter into a wide-mouthed bottle (having the capacity of about 
300 c.c., and marked at exactly 104 c.c.) until the filtrate reaches this 
mark.^ To the filtered liquid (representing 10 grm. of opium) add 
10 c.c. of alcohol, and 50 c.c. of ether, and shake the mi.xture; then add 
the chloride of ammonium, shake weM and frequently during half an 
hour, and set it aside for 12 hours.^ Counterbalance 2 small filters; 
place I within the other in a small funnel, and decant the ethereal 
layer as completely as practicable upon the inner filter. Add 20 c.c. 
of ether to the contents of the bottle and rotate it; again decant the 
ethereal layer upon the filter, and afterward w^ash the latter with 
^ c.c. of ether added slowiy and in portions. Now let the filter dry 
in the air, and pour upon it the liquid in the bottle in portions, in such 
a way as to transfer the greater portion of the crystals to the filter. 


, This method was oriRinally devised by Fortes .and Langlois {Chem. News, 45, 67), and 
slight alterations was adopted by the Sociiite de Pharmacie of Paris, and made otficial 
V' ynited iitates PharmacoftPUi of 1880. It was further improved by M. Conroy {Phorm. 
Jui<r and adopted as the official test in the lirttish Pharmacopaui of 1885. 

With some further inodilkations, especially in the increase of the quantity of opium used 
i^nd the titration of the morphine obtained for purity, the method as given here was .adopted 
ihe 1898 edition. 

I he additional 4 c.c. is Intended as an allowance for the average incre.asc in the volume 
* 3 caused by the extractive m.attcr of the opium. 

, the use of an excess of ether, much beyond ether-saturation, so as to cause an ethereal 
to rise alxive the crystallising liquid, along with the frequent shaking up of the ether 
wall the aqueous liquid in the closed ri.a.sk during crystallisations, marks an irnportant ad- 
yancp in opium assay.” — (A, B. Prescott.) The practice Itas been adopted in all recent 
"<-'thods of assaying opium. 
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“ When the fluid has passed through the filter wash the bottle and 
transfer the remaining crystals to the filter with morphineated watcrd 
Wash crystals with morphinated water until washings arc free from 
colour. Allow the filter to drain and dry it first by pressing between 
sheets of bibulous paper and afterward at a temperature between 
55 and 6o° and finally at no® for 2 hours. Weigh the crystals in the 
inner filter, counterbalancing by the outer filter. Take 0.5 grm. of 
the crystals and titrate with N/io sulphuric acid until the liquid after 
boiling slightly reddens blue litmus paper, i c.c. N/io sulphuric 
equals 0.0283 grm. anhydrous morphine. The weight of the pure 
anhydrous morphine indicated by the titration plus 0.104 grm. (repre- 
senting the average loss of morphine during the process) should 
amount in total to i grm. ; that is to say to a total of not less than 
0.95 grm. and not more than 1.05 grm., corresponding to about 10% 
of anhydrous morphine in the dry powdered opium.” 

The method of measuring the filtrate in a wide-mouthed bottle is 
decidedly objectionable and could well be improved. The methotl of 
titration would also be preferable if a definite weight of crystals were 
dissolved in excess of N/10 sulphuric acid and the excess titrated with 
N / 10 alkali using methyl orange or cochineal as an indicator. 

This process is tolerably simple and rapid and when carefully 
executed gives fairly constant results. 

As suggested by Conroy and proved by Braithwaite and Farr the 
time allowed for precipitation of morphine may be reduced from 12 
to 2 hours without affecting the accuracy of the results, but it is safer 
to allow 6 or 8 hours to elapse before filtering. The titration of the 
precipitated morphine was not practised in earlier editions of the 
British Pharmacopccia, though directed by Fortes and Langlois, the 
original proposers of the method {Jour. Pliartn. et Chemie, Novem- 
ber, 1881). 

For comments on the correction factor given see Braithwaite and 
Farr {PJiarm. Jour. [Hi], 17, 398) and Smith {Client. News, 57 > 
93 . 103)- 

Farr and Wright {Pharm. Jour, [iv], 27, 164) comment extensively 
on this process and commend it in general, but criticise chiefly the 
large quantity of filtrate used for the assay. Dott {Pharm. Jour. [H], 
27, 78, 356) discusses various details of the process and recommends 
some changes though approving the process as a whole. 

• Prepared by digesting pure morphine in chloroform water for 7 days at 15.5° with oc- 
casional agitation to obtain a saturated solution and filtering off any undissolvcd morphine- 
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Dowzard {Pliam. Jour, [i^], 17 , <P 9 , and 18 , 397 ) uses hot digestion 
of opium with water for i hour at 80-90° and then after adding the 
slaked lime shakes for 2 hours. He increases the speed of the process 
by titrating the washed crystals of morphine without previous drying. 
The amount of opium used is less than in the British Pharmacopaia 
process and the necessity of using different corrections than those of 
the British Pharmacopaia in case of the tincture and liquid extract is 
pointed out, as the British Pharmacopaia gives low results. 

K closely related method is that of A. B. Stevens which was con- 
sidered for adoption in the United Slates Pharmacopaia, Eighth 
Revision, either in its original or slightly modified form, as being a 
very desirable form of the lime process. The method as modified by 
doubling the quantities throughout is as follows; 

Take 8 grm. of dried and finely powdered opium and triturate in a 
mortar with 4 grm. of fresh oxide of lime (not air slaked) and 20 c.c. 
of water until a uniform mixture results. Add 38 c.c. of water arid 
stir frequently for half an hour. Filter through a dry 10 cm. filter 
and transfer exactly 30 c.c. to a 120 c.c. flask. To this add 8 c.c. of 
alcohol and 20 c.c. of ether and shake the mixture. Add i.o grm. 
ammonium chloride, shake well and frequently for half an hour and 

set aside in a cool place for 12 hours. 

Remove the stopper carefully and preserve, with any adhering 
crystals, for future use. Pour the ethereal layer into a small funnel, 
the neck of which has been previously closed with a piece of absorbent 
cotton. Rinse the bottle with 20 c.c. of ether, and when this has 
passed through, pour the contents of the bottle into the funnel. With- 
out trying to remove all the crystals from the bottle, wash the bottle 
and contents of the funnel with morphinated water until the washinp 
are colourless. When the crystals have drained, place the funnel in 
the bottle containing adhering crystals, and with a small glass rod 
drawn out to a curved point, lift the cotton and rinse the crystals into 
the bottle with 25 c.c. of A 7 /io sulphuric acid, using the cotton on the 
end of the rod to detach any adhering crystals. Place the cotton in 
the bottle, replace the cork and agitate until the crystals arc all dis- 
solved. Rinse the cork and funnel with water and titrate the excess 
of acid with 7V/50 potassium hydroxide. 

The number of c.c. of N/io acid consumed by the morphine, 
multiplied by 1.516, will give the percentage of crystallised morphine 
obtained. To this add i . 1 2 for the morphine remaining in the solution. 
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This method is rapid, easy and gives concordant results. To 
avoid evaporation it is well to use a flask and glass rod instead of a 
mortar and pestle and keep the flask closed as much as possibk*. 
Objections have been made to it because of the use of an aliquot part 
of the solution, but if carefully handled this is not a serious defect. 
See Oeisler {Proc. A. Ph. A.^ 1888, 153), Conroy {Pharm. Jaur. [/ii], 
15, 473), Dowzard (Pharm. Jour. \iv], 18, 397) and Stevens {Pharm. 
Archives^ 1903, 5 , 87). 

Aschcr (Aw. Jour. Pharm., 1906, 78, 262) claims that ammonium 
salts ill opium may interfere and recommends treatment of opium 
with a little alkali hydroxide and drying before treating with lime and 
water. 

For additional comments see Stevens {Pharm. Archives, 1901, 4, 
81, and 1903, 5 , 41) and Dohme (ibid., 5 , 81). 

The process of the French Codex, 1908, is based upon the same 
^neral principle and resembles the above process in many respects. 
Its most important differences are in the use of freshly slaked lime 
instead of unslaked lime, the peculiar method of facilitating precipita- 
tion by rubbing with a glass rod instead of violent shaking and the 
washing of the morphine precipitate after drying at 100® with benziii. 
A. and A. Petit {J . Pharm. Chim. [vi], 21, 107) recommend practically 
the same method but use chloroform for washing the morphine instead 
of benzine. Marcelet and Marcelet in using this process endeavoured 
to dry the morphine at 60^ and found that after 1 2 hours the greater 
portion of the water was lost, but after 60 hours there was still a slight 
loss and the weight remained constant after 122 hours' drying. 

A different form of analysis,*though resembling it in some particulars, 
is that suggested by Lcger (J. Pharm. Chim. [vi\, 17, 553). He 
extracts the morphine with a 2% aqueous solution of sodium salicylate 
which will eliminate the thebaine as an in.soluble salicylate and precipi- 
tates with ammonia in the presence of ether. He also washes the 
precipitate of morphine finally with benzin. Very similar is the pro- 
cess adopted by Arkin {Proc. A. Ph. A., 1909, 205) who uses, however, 
a 10% solution of sodium salicylate for extracting the opium. 

Schidrowitz {Analyst, 1904, 29, 144) describes a process which he 
states gives results very closely approximating those obtained by 
unpublished processes in use by some of the suppliers of opium. This 
process invclvcs the extraction of opium by water and the sub.sequcnt 
addition of a solution of sodium salicylate to the filtrate. An aliquot 
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portion of this is subsequently taken for precipitation with ammonia 
in the presence of ether and the morphine finally separated is dissclvcc^ 
in an excess of N/ 10 sulphuric acid and the excess titrated with N / 10 
alkali, using methyl-orange. He states that the use of methyl-orange 
as indicator is desirable, but Kippenberger does not agree with him 
and this really seems to be a weak part of the process, as cochineal or 
iodcosin would seem preferable. 

The German Pliarmacopceia of 1910 gives the following process for 
the assay of opium: 

Rub 7 grm of powdered opium with 7 gim. of water and then put 
into a flask, adding sufficient water to make a total weight of 63 grm. 
Let stand i hour with frequent shaking, then filter through a 10 cm. 
dry filter obtaining 42 grm. of filtrate (=4.88 grm. of opium). To 
the filtrate add 2 c.c. of a mixture of 17 grm. 10% ammonia water 
and 83 grm. of water, avoiding strong shaking. Filter at once through 
a 10 c.c. dry filter. Place 36 grm. of this filtrate (-4 grm. of opium) 
in a flask and add while rotating 10 c.c. acetic ether and then 5 c.c. 
ammonia mixture as above. Shake well for 10 minutes, add 20 c.c. 
acetic ether, let stand 15 minutes with occasional rotation and then 
pour the acetic ether through an 8 cm. smooth filter as completely as 
possible. Add to the remaining aqueous liquid 10 c.c. more of acetic 
ether, rotate for a few minutes and pour this acetic ether through the 
filter. When it has entirely drained through pour on to the filter the 
aqueous solution and wash flask and filter 3 times with 5 c.c. of water 
saturated with acetic ether, disregarding any crystals of morphine 
which may adhere to the sides of the flask. Drain flask and filter and 
dry both at 100^, Dissolve the morphine crystals on the filter, in the 
flask and on the cork by means of 25 c.c. N/ 10 hydrochloric acid. Pour 
solution into 100 c.c. flask, washing filter, flask and stopper carefully 
with water and make up solution to exactly 100 c.c. Place 50 c.c. of 
this solution (=2 grm. of opium) in a 200 c.c. flask, add 50 c.c. of 
water and sufficient ether to make a layer i cm. thick. Add 10 
drops fodeojfw solution and titrate with N/io potassium hydroxide, 
shaking vigorously after each addition. A faint red colour in the 
aqeuous solution indicates the end point, i c.c. N/10 hydrochloric 
acid ==0.02852 grm. anhydrous morphine. 

The great objection to the process is the use of acetic ether in place 
of ether, as in the previous edition of the German Pharmacopiria. 
Acetic ether is a fairly good solvent of morphine, and Stevens {Phartn. 
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Archives, 5, 89) shows the deficiencies of this process in some work 
upon the extraction of morphine from solutions by acetic ether. Stc 
als6 page 375. 

For comparison and criticism of some of the above methods see also 
Kebler {Bull 90, Bu. Clicm. U. S. Dept. Ag., page 141) and C. Pape 
{Apoth. Zeit., 24, 70, 81, 88 and 99), who there records examination 
of II methods. 

Other processes of different character have been devised for the 
estimation of morphine, such as that of Tickle {PJiarm. Journ. [IV], 
24, 162) who employs a mixture of 2 parts freshly distilled cresol and 
I part amyl alcohol for extracting morphine from an atjueous solution 
made alkaline with sodium bicarbonate. The cresol is a better solvent 
for morphine than amyl alcohol and is of special value in toxicological 
examinations, as it fixes and eliminates albuminoid extractive matter 
that otherwise often causes trouble. In the course of his experiments 
he found a mixture of phenol 2 parts and amyl alcohol i part to be 
the best solvent for extracting morphine from an aqueous solution. 
Attention is also called to the work of Emery {U.S. Dept, of Agr.; 
Bureau oj CItem., Bull, 137, 183, and also Eaton, ibid., 188. 

Rcichard {Chem. Zeit., 1901, 25, 816) endeavored to estimate 
morphine by means of ammoniacal silver chloride solution, taking 
advantage of the fact that morphine alone of all the opium alkaloids is 
said to reduce this to metallic silver. Schidrowitz, however {Analyst, 
1902, 1 17), reports the results very unreliable. 

An iodometric method based on the formation of morphine tetra- 
iodide, CiylligOgN.PII.Ia, has been devised by Prescott and Gordin 
(/. Am. Chem. Soc., 1898, 20, 724) which has come to be known as 
the Gordin method. They proceed upon the following plan: The 
opium in fine powder is treated with a mixture of 5 c.c. ammonia water 
28f{, 5 c.c. alcohol, 20 c.c. ether and 10 c.c. chloroform to liberate the 
alkaloids and dried down with excess of finely powdered salt. I he 
free narcotine, papaverine, codeine and thebaine are then removed ly 
repercolation with benzin after which the morphine is taken out by 
percolation with acetone in which the morphine is sufficiently solulile. 
Instead of acetone there may be used pure amyl alcohol boiling between 
128° and 132° and leaving no residue on evaporation below the b. p- 
The acetone or amyl alcohol is then evaporated and the residue 
taken up with lime water, which completely dissolves and purifies the 
morphine. This solution is filtered, acidified with hydrochloric aii<l 
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and the morphine is estimated as periodide by precipitating with a 
definite quantity of N / 10 iodine in potassium iodide, filtering off an 
aliquot part through a dry filter and titrating the excess of iodine with 
iV/io thiosulphate. Each c.c. iV/io 1=0.0095 anhydrous 
morphine or o.oioi grm. of crystals. For details it is well to see the 
original paper. 

L. Kicffer, in 1857, described a volumetric process of assaying 
opium, based on the reactions of the morphine with potassium ferricy- 
anide, reaction of the excess of this salt with potassium iodide, and 
titration of the liberated iodine with standard thiosulphate [Ann. 
Cliem. Pliarm.f 103, 280). Experiments in A. H. Allen’s laboratory 
on this process did not yield encouraging results. 

A. D. Thorburn has recently devised a process for estimating mor- 
pliine, which is as yet unpublished, and is designed for use with 
powders, tablets, etc. The processes depends on the fact that phenyl- 
ethyl alcohol dissolves about 5% of its weight of crystallized morphine, 
and as this alcohol is only slightly soluble in water the alkaloid can 
be extracted from an aqueous solution of a salt of morphine after 
rendering it alkaline. The details of this method will shortly appear 
in the J, of hid, and Eng, Client, 

Extract of opium is now nearly the same strength in the more 
important pharmacopccias, namely, 20% morphine, but in some cases 
this is the crystalline and in others the anhydrous alkaloid. 

It may be assayed by the same process as for opium, using one-half 
the amount of sample. 

Tincture of opimn or laudanum likewise is not identical in 
various countries, but is usually of 10% strength. The same assay 
methods as for opium arc applicable with such modifications as the 
difference in strength and need of first removing alcohol by evaporation 
makes necessary. Hinsdale (Client. Nnvs^ 62, 77) has described a 
simple method of determining the morphine in tincture of opium by 
observing the depth of the blue or green colouration produced on 
treating the sample with a freshly prepared mixture of ferric chloride 
and potassium ferricyanide solutions. 

Camphorated tincture of opium, compound tincture of cam- 
phor, or paregoric presents a more difficult problem in analysis 
because of the presence of a very small quantity of morphine and much 
larger amounts of camphor, benzoic acid, oil of anise and in the 
Cnited States Pharmacopeeia preparation of glycerin. 
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Paregoric is more liable to be deficient in one or more of its constit- 
uents than any other preparation of opium and great care is necessary 
in its analysis to prove any deficiency in the quantity of opium present. 
The alcohol being the most costly ingredient, there is a strong induce- 
ment to the vendor to reduce its amount, a practice which is objection- 
able because the prescribed proportion of oil of anise cannot be ke[)t 
in solution in a very weak spirit. Sometimes only traces of oil of 
anise are present, in which case the tincture remains clear when diluted 
with 3 or 4 measures of water. The benzoic acid is sometimes 
deficient in quantity, and occasionally wholly absent, even in the case 
of tinctures purchased from registered pharmacists. The opium is 
the most important constituent of paregoric, and is apt to be defi- 
cient in amount or quality, besides being sometimes wholly omitted. 
In Kngland a preparation destitute of opium is largely substituted liy 
general shop-keepers for the genuine “paregoric” or “compound 
tincture of camphor” sold l)y the druggists. In an instance within the 
personal experience of A. H. Allen, the opium of paregoric elixir was 
replaced by henbane. Potassium and ammonium bromides are 
used in factitious paregoric. 

If a measured quantity (25 c.c.) of paregoric be rendered distinctly 
alkaline with sodium hydroxide, and evaporated to al)0ut 10 c.c., the 
alcohol and a portion of the camphor and oil of anise will be vola- 
tilised. On then shaking the liquid with ether, the remaining camphor 
and oil of anise will be extracted. If the ether be separated, and the 
aqueous liquid acidified with hydrochloric acid, benzoic acid will in 
some cases be precipitated; but whether it separates or remains in solu- 
tion, it should be dissolved out by agitating the acidified liquid with 
ether. On allowing the separated ethereal solution to evaporate 
spontaneously in a small beaker, the benzoic acid is obtained in a .state 
fit to weigh but a better and more rapid plan is to repeatedly agitate 
the ethereal liquid with water until the washings no longer redden 
litmus, add a little more water and a few drops of phenolphthah in 
olution, and titrate the liquid with N / 10 alkali hydroxide, which 
should be added until the aqueous layer acquires a pink colour, not 
destroyed by agitation with the ether. P'ach i c.c. of N / 10 alkah 
required represents 0.0061 grm. of benzoic acid. The meconic acid ex- 
tracted together with the benzoic acid is too small in quantity to affect 


1 AlU-n has occ a.sionally observed the benzoic acid thus extracted to have a distinct urin- 
ous odor. 
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the result, but its presence may be detected and the amount roughly 
estimated by separating the ethereal layer after the titration is com- 
plete, and destroying the pink colour of the aqueous liquid by a drop 
of dilute hydrochloric acid. On now adding a drop of ferric chloride 
solution, the deep purple-red colouration characteristic of meconic 
acid will be produced. 

To identify the presence of meconic acid Bourquelot ( 7 . Pharvi. 
Chim., 1902, 15, 342) gives the following reaction: Mix 2 c.c. of 
tincture with 4 c.c. of water. Add a few drops of hydrochloric acid 
and shake the mixture with ether. Separate and shake the ethereal 
extract with 2 or 3 c.c. of water and a drop of ferric cliloridc solution. 
A red colour is produced in the aqueous layer if meconic acid is present. 

The detection of meconic acid in the manner first described of 
course proves the presence of opium in the tincture. When this infor- 
mation alone is sought, the paregoric may be diluted in a test-tube 
with proof-spirit till it is of a light yellow colour, and a drop or tw’o of 
solution of ferric chloride then added. If opium be present, more or 
less deep red colouration will be produced, owing to the formation of 
mcconate of iron. By comparing the depth of red colour with that 
given by a standard tincture, a rough indication of the proportion of 
opium present can be obtained; but the amount of meconic acid in 
opium is too variable to allow of much stress being placed on the result 
obtained. It sometimes happens that paregoric is coloured with 
cochineal or contains a variety of tannin, in which case the colouration 
with ferric chloride becomes obscured. On cautiously adding hydro- 
chloric acid, drop by drop, the colour produced by tannate of iron is 
destroyed, while that due to the meconate persists till considerably 
more acid has lieen added. 

The proportion of opium in paregoric is too small to allow of the 
ordinary method of determining morpliine being conveniently used; 
but fair results, sufficiently accurate for most purposes, may be obtained 
by volumetric or colorimetric application of the reactions with potas- 
sium ferricyanidc and iodic acid. 

F- C. J. Bird {Year-book Pliarm., 1905, 459) gives the following 
method for the detection and approximate estimation of morphine in 
a small quantity of paregoric. 

“The following process answers well with as little as 2.5 c.c. Tr. 
^(imph. Comp, (containing rather more than i mgrm. morphine), 
although 10 c.c. is recommended as the most suitable quantity: 
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“ Compound tincture of camphor, lo c.c. Evaporate to dryness on 
a water-bath, take up with dilute alcohol and a minute drop of acetic 
acid, evaporate again to dryness, and dissolve the residue in 2 c.c. 
distilled water, i drop of this solution tested with Mayer’s solution 
should give a copious precipitate. 

“Filter the aqueous solution and wash filter with distilled water. 
Transfer to a small separator and extract with hot amyC alcohol and 
a few drops of a saturated solution of potassium carbonate. Separate 
the amyl alcohol and wash the same with 1/2 c.c. distilled water. 
Repeat the amyl alcohol extraction twice and evaporate the mixed 
amylic extracts on a water-bath to dryness. 

“ The amyl alcohol residue from a genuine tincture is at this stage 
brownish-yellow, but if no opium is present, nearly colourless, 

“ Dissolve the amyl alcohol residue in 2 c.c. distilled water and 4 drops 
of diluted hydrochloric acid. Filter the solution through a tiny filter 
with a little talc, to remove colour, until perfectly bright, and wash 
filter with distilled water. Extract the clear aqueous solution in a 
separator with 4 c.c. hot amyl alcohol and sufficient powdered ammo* 
nium bicarbonate to make alkaline and repeat the extraction t\\dee with 
successive 2 c.c. quantities of hot amyl alcohol. The mixed amylic 
e.xtracts should be quite colourless and measure 8 c.c. Evaporate 
2 c.c. of the amylic extract to dryness in a very small glass basin, con- 
centrating the residue on to one spot; place on a white surface and 
moisten the residue with a very dilute solution of neutral ferric chloride. 
A perfectly distinct dirty blue colouration characteristic of morphine 
should appear. Another 2 c.c. evaporated should afford an orange 
yellow colour with nitric acid. 

“ The reactions may be compared with those obtained from 10 c.c. of 
a known sample of Tr. Camph. Comp, carried through the process at 
the same time, when there should be no difficulty in coming to a con- 
clusion as to the approximate correctness or otherwise of any sample 
in question. The reactions arc also given quite distinctly with the 
residue from 2.5 c.c. tincture, but when that amount is taken one-fourth 
only of the quantities of solvent, etc., mentioned in the process must 
be used throughout.” 

Allen and Scott-Smith {Analyst^ 1902, 27, 345 and 350) call attention 
to the similarity in colour reactions of the ipecac alkaloids and mor- 

* It ia very important that the amyl alcohol be specially redistilled; ao or 30 c.c, evaporated 
in a glass caiMule cm the water-bath should not leave the slightest residue. 
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phine, especially when extraction has been made with amyl alcohol 
and show that in some cases such as cough remedies of unknown con- 
stitution suspected to contain morphine, special care must be observed 
to avoid any confusion. In cough remedies squill and senega may 
also be present and the most hopeful plan for identifying squill is by 
the isolation of scillain, while senega is remarkable for the magnificent 
purple colour which it yields with strong sulphuric acid. The prin- 
ciple that gives the colouration is not extracted by amyl alcohol from 
either acid or alkaline solutions. 

For the estimation of morphine in medicinal preparations, methods 
applicable to the particular case must usually be devised. If only 
minute quarttities are present some of the colour reactions of morpliine 
may at times be used to advantage. 

The colourimetric estimation of morphine is accomplished by 
Georges and Gascard (/. Pharm. Chim.y 1906, 23, 513) by treating 
a neutral or faintly acid aqueous solution with iodic acid, and, sub- 
sequently, ammonia and the comparison of the colour with that given 
by a standard .solution of morphine hydrochloride. Mai and Rath 
(Archiv. d. Pham., 1906, 244, 300) use iodic acid, and Frodhe’s 
reagent but prefer formaldehyde and sulphuric acid, which reagent 
will detect 0.03 mgrm. in i c.c. of liquid. 

From a solution containing glycerin, morphine may be separated 
by precipitation as periodide, according to Gordin {Proc, A. Ph. A., 
374)- This precipitate, after filtering off and washing, can be 
decomposed by a stream of sulphur dioxide or sodium sulphite and 
sulphuric acid and the alkaloid then precipitated by potassium 
carbonate. 

A method for estimating morphine, codeine and cotamine as picrolo- 
nates is described by Mathes and Rammstedt (Z. anal Chem., 1907, 
4^) 565) and as it is applicable in presence of sugar it is useful for work 
on tablets and in some solutions. An AT/ 10 alcoholic solution of picro- 
lonic acid is used to precipitate the aqueous solution. For complete 
precipitation 15 hours’ standing is derisable and after filtering off, 
Washing with water and drying at no® the crystals may be weighed. 
The form of the crystals is characteristic. 

The chemistry of opium smoke is entered into at some length by 
^loissan (Compt. Rend., 115, 988) and Gautier {ibid., 992), who carried 
out interesting researches on it and proved that the quantity of mor- 
phine in it is extremely small. 

VOL. VI.— 28 
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Toxicology of Opium and Morphine. 

In whatever form or manner it may be administered, opium is found 
to act as a typical and powerful narcotic, and in excessive doses is 
fatally poisonous. 

The poisonous effects of opium are essentially due to the morphine 
contained in it, and the symptoms it produces differ but little from 
those consequent on the administration of pure morphine, except that 
there is a greater tendency to convulsions, and in the latter case the 
effects are usually manifested more rapidly than in the former, generally 
commencing in from 5 to 20 minutes if the poison has been taken in 
solution. 

After poisoning by morphine or opium, dimness of sight and relaxa- 
tion of the muscles, with drowsiness and stupor, are usually the first 
symptoms observed. At first the patient may be aroused without 
much difficulty, but as time goes on this becomes impossible, the 
drowsiness passing into complete coma, often accompanied by slow 
and stertorous breathing, ending in death. In the large majority of 
cases the pupils are strongly contracted in tne earlier stages; but later, 
and when a fatal termination is approaching, they are often dilated. ‘ 
They are usually insensible to light. Occasionally, especially with 
excessive doses of opium, these is vomiting, or even purging. The 
pulse is at first weak, quick, and irregular, but afterward slow and 
full. 

Poisoning by morphine or opium often closely simulates alcoholic 
drunkenness, and, in the absence of a smell of opium in the breath or 
vomit, it is often very difficult to distinguish between them. Coma, 
due to uremia, apoplexy, or violence, may also be mistaken for poison- 
ing by opium or its preparations. 

The dose of morphine necessary to destroy life is extremely variable. 
Infants and young persons are peculiarly susceptible to opium and 
its preparations. Death has been caused to infants by 1/8, i/io. 
1/15, and even 1/ 19 of a grain of opium, as also by a few drops, and 
even a single drop, of tincture of opium. On the other hand, children 
have recovered after doses of i grain, 5 grains, and 7 1/2 grains of 
opium, and after 2 tcaspoonfuls of laudanum. Half a grain of 
morphine acetate has proved fatal to an adult; but as a rule, the usual 

* A. SwEin® Taylor mention* a case of opium poisoning in which one pupil was contracted 
and the other dilated. 
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minimum fatal dose for an adult may be stated as i grain of a salt of 
morphine, or 7 grains of opium. Personal habit, as in the case of 
opium-eaters, and idiosyncrasy will of course largely modify the above 
conclusion. 

The post-mortem appearances of poisoning by morphine are by no 
means well marked. The stomach and intestines usually appear 
healthy. If opium itself has been taken, its peculiar and characteristic 
odour may often be recognised when the stomach is first opened. ‘ 
Congestion of the lungs and brain are most commonly met with; but 
these appearances arc not invariable and, when they exist, afford no 
definite evidence of opium poisoning. The blood is usually very fluid. 

Besides opium itself, morphine and its salts, and the various official 
preparations of opium (e. g., the tincture and extract), there are various 
nostrums containing opium, which have not unfrequcntly been the 
cause of death; especially in the case of infants, for whom opiates may 
be regarded as generally dangerous and unsuitable. 

Detection of Morphine and Opium. — In cases of suspected poison- 
ing the detection of opium is based, in addition to the recognition of 
its smell, on the extraction of morphine and meconic acid in a suffi- 
ciently pure form to allow of the production of their characteristic 
reactions. The following is the usual mode of procedure; 

Observe if any smell of opium is apparent. If not, it may become 
evident on gently warming some of the contents of the stomach. Test 
a small quantity of the strained or filtered liquid with ferric chloride, 
and note if any red colouration (characteristic of meconic acid) is 
produced. 

Next cut up the stomach and any solid contents into small pieces, 
and reduce the whole to pulp by beating in a mortar. Mix the 
product with the liquid contents of the stomach, and treat the whole 
with alcohol acidified with acetic acid, in sufficient quantity to coagu- 
late the albumin.^ Keep the mixture warm for some time, with occa- 
sional agitation. Then filter or strain from the solid matter. 

The filtrate is treated with basic acetate of lead as long as a precipi- 
tate is produced, when the liquid is boiled and allowed to cool. When 
cold it is again filtered, and the precipitate washed with cold w^atcr. 
The precipitate contains the meconic acid of any opium present. It 

’ Allen has observed an unmistakable smell of opium in the contents of the bladder 6o 
death by taking laudanum . . 

Meconic acid adheres very tenaciously to albuminous matters, and hence the precipitate 
f'nould be digested with strong alcohol, and the liquid strained and added to the main 

solution. 
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should be washed off the filter with water, and completely decomposed 
by passing a rapid stream of hydrogen sulphide gas. The liquid 
is next filtered, and concentrated to a small bulk by evaporation at as 
low a temperature as possible. It should then be placed in a porcelain 
dish and tested with ferric chloride, which will produce a purplish-red 
colouration if meconic acid be present. It is necessary to distinguish 
carefully between the colouration produced by meconic acid and the 
somewhat similar reactions given by thiocyanates and acetates. This 
may be affected with certainty as described on page 413. 

A very useful indication of the amount of opium present may he 
obtained by comparing the depth of tint produced by ferric chloride 
with that obtained on treating a known quantity of opium in a similar 
way. 

The filtrate from the lead precipitate will contain any morphine 
which may have been present. Separate the excess of lead by passing 
sulphuretted hydrogen for some time, filter, evaporate cautiously nearly 
to dryness, add a little water and filter. The filtrate will probably 
’have a bitter taste if morphine (or other alkaloid) be present. Trans- 
fer the solution to a stoppered separator, render the liquid alkaline 
with ammonia or (preferably) an alkaline bicarbonate, and shake with 
hot amyl alcohol without delay. The amyl alcohol solution is then 
separated, passed through a dry filter, and either at once evaporated 
to dryness, and the residue examined by the colour-tests described on 
page 379, or it is shaken with a little dilute hydrochloric acid, which 
is then separated and examined for morphine. An estimate of the 
quantity of morphine present may be obtained from the intensity of 
colour produced by the iodic acid and fcrricyanide tests. 

Instead of treating the alcoholic extract of the material under 
examination with Ijasic acetate of lead, as described in the foregoing 
process, the method may in some cases be shortened and rendered 
more delicate by evaporating off the alcohol at a low temperature, 
taking up the residue with water, filtering, acidifying the filtrate 
with dilute sulphuric or hydrochloric acid, and agitating with ether.* 
This removes meconic acid, though not perfectly, while phosphates 
and other interfering matters remain in the aqueous liquid, and if the 
ethereal layer be separated, evaporated, and the residue treated with 
hot water, a solution is obtained, which after filtration may be very 


* After this treatment the aqueous liquid may be rendered alkaline with sodium bicar- 
bonate, and aBitatcd with hot amyl alcohol for the extraction of the morphine. 
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advantageously used for the application of the ferric chloride test. If 
preferred, the solution may be treated with lead acetate, and the 
meconic acid recovered from the filtered and washed precipitate by 
decomposing it with sulphuretted hydrogen. 

The positive detection of meconic acid affords as perfect a pjoof 
of the presence of opium as does the recognition of morphine itself; 
and as the tests for and methods of separating meconic acid from for- 
eign matters are somewhat more satisfactory than those for morphine, 
and the acid is more stable than the alkaloid, it occasionally happens 
that the acid may be isolated and positively identified, when morphine 
cannot be recognised with certainty (especially where ptomaines may 
be present).* The detection of meconic acid of course indicates the 
pre-existence of actual opium or some galenical preparation thereof, 
and not morphine or one of its salts. Hence it sometimes enables a 
useful distinction to be drawn as to the form in which the poison was 
taken, 

Edlefsen uses the following procedure to detect morphine in the 
stomach contents. Digest the stomach contents on a water-bath with 
equal volumes of 4% solution of tartaric acid in alcohol, filter and 
evaporate filtrate carefully to dryness. Dissolve the residue in a little 
water slightly acid with hydrochloric acid. To 5 c.c. of a reagent made 
by colouring a 0.5% solution of iodic acid slightly with Malachite 
Green, add a few drops of this solution and warm on a water-bath. 
If morphine is present it changes to a lemon-yellow colour and on 
adding ammonia to an alkaline reaction, to a bro^vn. 

Attention is called by Reichardt {Pharm. CenIraJh.y 1908, 49, 951) 
to the possibility of morphine being transformed into dehydromorphine 
(pseudomorphine) in the human organism, which would give some- 
what different reactions than morphine. Separation of the tw’o may be 
effected by their different solubility and the whole of the morphine may 
be converted into pseudomorphine by H2O2 but this reaction requires 
further study. To distinguish between morphine and pseudomorphine 
Ilashida (Pharm. ZeiL, 1908, 53, 702) employs a mixture of 0.15 grm. 
sodium molybdate, 10 drops 35% formaldehyde and 30 c.c. concen- 
trated sulphuric acid. Morphine changes from violet to dirty green 
while pseudomorphine gives a violet and then a stable blue-green, 
disappearing on adding water. 

‘ A. H. Allen obtained satisfactory proof of the presence of meconic acid in the stomachs 
of two children exhumed 5 months after death, whereas no positive conclusion could bo 
formed as to the presence of morphine. 
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The possibility of morphine condensing with the formaldehyde of 
embalming solutions in forensic examinations is mentioned by Ven- 
turoli and Ciacci. 

Jorgensen {Zeit. Anal. Chem., 1910, 49, 484), for extracting morphine 
from animal organs prefers ether containing i to 1.5% of alcohol, but 
at least 10 extractions are necessary and this does not seem to be a 
desirable method. 

For isolating morphine from animal matter,* the following process 
was used by Riibsamen {Archiv. Expt. Path. Pharrn., 1908, 59, 225) 
and though criticised by Winterstein {ibid.^ 1910, 62, 139) it was 
shown by Gottlieb and Steppuhn (ibid.^ ipiij 64, 54) to be reliable. 

The following general process may be outlined as derived from the 
method which they used. In their experiments they used both 
aqueous solutions of morphine hydrochloride and bodies of mice to 
which a similar solution had been added. 

In the case of animal matter, extract it with several portions of alco- 
hol and render the combined alcoholic extracts slightly acid with 5 c.c. 
A 7 io hydrochloric acid and evaporate. Take up the residue with 
warm water and coagulate the albuminous matter by adding a little 
acetic acid and heating. Filter and use the filtrate diluted to about 
200 c.c. for the further work. To this solution add N/io sodium 
hydroxide until it is very faintly alkaline to phenolphthalein and 
then extract with 600 c.c. of chloroform freshly washed with distilled 
water. After thorough stirring for about 10 minutes, with the con- 
stant addition of N / 10 sodium hydroxide, drop by drop so as to 
maintain faint alkalinity, as indicated by slight pink colour, the 
solution is allowed to separate and the chloroform removed. A 
similar amount of chloroform is used to repeat the operation 4 or 5 
times. No more than a faint pink colour must be present at any 
time, as stronger alkalinity decomposes the chloroform vitiating the 
results. It is also necessary, from time to time, to add fresh indicator 
to the aqueous layer as it is gradually taken up by the chloroform. 
Evaporate the combined chloroform solutions to a small volume in a 
flask and then transfer it to a dish and evaporate it carefully to dry- 
ness. Treat the residue with a measured amount of N/ 10 sulphuric 
acid, warm slightly and add absolute alcohol, filter the solution if 
necessary and evaporate to 5 to 10 c.c. This solution is now used 
for the estimation of the morphine by the Gordin method. 

By this process Gottlieb and Steppuhn were able to recover 94 
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of the morphine present in aqueous solutions and 91 to 96% 
from the bodies of mice. They showed that the criticism of Winter- 
stein regarding the accuracy of the Gordin method of estimation did 
not hold with the small quantities of morphine present. 

As a means of identification of morphine and other opium alkaloids, 
characteristic crystalline forms of some of their salts may sometimes 
be used and reference may be made here to the very extensive work 
on the microscopic appearance of such crystals by Howard and 
Stephenson {Bid. 122, Bu. Chem. U.S. Dept. Ag., page 97). For this 
purpose the characteristic crystals produced by picrolonic acid pre- 
viously referred to are of value. 

A very interesting and comprehensive bibliography of morphine 
from 1875 to 1896 was compiled by H. E. Brown for a research com- 
mittee of the American Pharmaceutical Association. {PJmrm. Rev., 
Oct. and Nov., 1897, and Pham, Archives, Jan. and Feb., 1898.) 
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By CHARLES E. VANDERKLEED. 

The seeds of Strychnos Nux-vomica^ Strychnos Ignathy and some 
other species of Strychnos^ a genus of plants belonging to the family 
LoganiacecBj contain certain alkaloids remarkable for their intensely 
poisonous properties. Of these, the two which have been most 
thoroughly investigated are strychnine and brucine, the latter base 
being the dimethoxy derivative of the former. 

Strychnine and brucine occur also in the bark of Strychnos Nux- 
votnica, the so-called “false angustura bark,’' in the root-bark of 
Sirychnos-TieuU or “deadly upas tree” of Java, and in the wood of 
Strychnos colubrina. The leaves of Strychnos Nux-vomica contain 
brucine but no strychnine, while the root of the West African Strychnos 
lea a contains strychnine, but no brucine. On the other hand, the 
seeds of 5 . potatorum, S. Brachia, S. innocua, S. Pseudo-quina, S. spinosa, 
S. laurina, and S. monosperma contain neither strychnine nor brucine.^ 

The seeds of Strychnos Ignatia or “St. Ignatius’ beans,” which 
contain on the average about 1.5% of strychnine and about 0.5 of 
brucine, are sometimes employed for the manufacture of the alkaloids, 
but the seeds of Strychnos Nux-vomka, which contain on the average 
about 2.5% of alkaloids, the brucine being generally slightly in excess, 
are more commonly used for this purpose. Both are used for the 
manufacture of medicinal extracts and tinctures. 

STRYCHNINE, STRYCHNIA, C,iH„N,0,. 

Strychnine was discovered in the year 1818 by Pelletier and Caventou 
in the seeds of Strychnos Ignatia, and later by the same investigators in 
the seeds and bark of Strychnos Nux-vomka, in which, together with 
brucine, it occurs in combination with cafifetannic acid. 

‘ See P, A. Flacldger, “ Ueber die Verbreitung der Alkalolde in der Strychnosarten,” 
^rch. dtr Pharm,, i89», 330, 343. 
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The chemical constitution of strychnine has not yet been completely 
disclosed. 

For the preparation of strychnine, the ground seeds of StrycJinos 
Nux-vomica are commonly employed. These are moistened with 
hot water to soften them, extracted with hot diluted alcohol, and 
evaporated to recover the solvent. The resulting aqueous extract is 
treated with lead acetate solution and filtered, excess of lead in the 
filtrate precipitated with sodium sulphate, and the filtered concen- 
trated solution precipitated with sodium hydroxide. The so-obtained 
crude strychnine, mixed with considerable brucine, is dried, extracted 
with 8o% alcohol and evaporated to crystallisation. Most of the 
strychnine is thus separated from the more readily soluble brucine 
which remains in solution. The strychnine is purified by boiling with 
charcoal in 90% alcohol, solution and recrystallising. The mother- 
liquors serve for the preparation of brucine (see page 464). 

Strychnine occurs as a white crystalline powder, or in colourless, 
anhydrous, four-sided prisms of the rhombic system. Their production 
on a microscopic scale is of importance in recognising the alkaloid in 
toxicologic cases. Well-formed crystals of strychnine may be obtained 
by the gradual addition of water to the alcoholic solution of the 
free base. Strychnine separates from its solution in benzene in 
octahedral crystals. 

Strychnine crystallised from alcohol has a sp. gr. of 1.359 (E. 
Schmidt). 

Strychnine is odourless and is permanent in the air. On being 
heated in very small amounts, it melts' at 268° without decomposition 
and imperfectly subliming. In larger amounts it melts with decom- 
position. On ignition it is consumed, leaving no residue. Its solutions 
are hevogyrate and have a marked alkaline reaction. It has an 
intensely bitter taste, perceptible even in solutions of o.i of a grain 
per gallon. Strychnine should be tasted with great caution as it is an 
exceedingly violent tetanic poison. 

Strychnine is sparingly soluble in cold water, requiring about 7,000 
parts for its solution, but it dissolves in about 2,500 parts of boiling 
water. In commercial ether it is very sparingly soluble; in absolute 
ether, practically insoluble. In cold alcohol of 0.834 sp. gr. it is 
soluble in about 170 parts; in boiling alcohol of 0.834 sp. gr. it is 

* Several invettiffaion have placed the m. p. of strychnine at a6s-6*. Loebisch and 
Schoop (Monatsh.f. Ch4mu, x888, o, 858) found iU m. p. to bo 968®, and the author verihed 
this figure in 1903 for inclusion in the OniUd States Pharmacoperia, 
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soluble in 12 parts. The limited solubility of strychnine in cold 
alcohol is utilised for its separation from brucine, which is readily 
soluble in the same liquid. Strychnine is soluble in about 6 parts of 
chloroform, about i6o parts of benzene, and about i8o parts of amylic 
alcohol. It is readily soluble in a mixture of equal measures of chloro- 
form and ether. It is insoluble in petroleum ether and in acetone. 

Strychnine is not sensibly soluble in solutions of the fixed alkali 
hydroxides, but dissolves somewhat more readily in ammonia. In 
dilute acids it is readily soluble. 

Pure strychnine dissolves without colouration in cold hydrochloric 
and sulphuric acid and may be heated to loo® with concentrated 
sulphuric acids without visible change. 

The latter treatment converts it, however, into strychnine-sulphonic 
acid, CjjIIjiOjNj.SOaH, a colourless, amorphous mass difficultly 
soluble in water or alcohol. When heated with sulphuric acid to 150° 
a water-soluble disulphonic acid is formed (Stoehr, Ber., 1885, 18, 
3429). Strong nitric acid dissolves strychnine with the formation of a 
yellowish nitrostrychnine; the production of a pink or reddish coloura- 
tion indicates contamination with brucine. 

Bromostrychnine, CjjHjjOjNjBr, is obtained on adding bromine 
water m theoretical quantity to a diluted aqueous solution of strychnine 
hydrobromide or hydrochloride, and then precipitating with ammonia. 
Bromostrychnine melts at 222® {Arch, der Pharm.^ 1890, 228, 313). 

Strychnine Periodide, CjiHjjOjNj.Ij.HI, is obtained in violet- 
coloured crystals on evaporating the alcoholic solution of the precipi- 
tate produced by treating an aqueous solution of strychnine sulphate 
with iodine-potassium iodide solution. 


Salts of Strychnine. 

Strychnine is a strong monoacid base and readily forms crystallis- 
able, water-soluble salts which are intensely bitter and exceedingly 
poisonous. The salts of strychnine are mostly soluble in alcohol, but 
are insoluble in ether, chloroform, benzene, petroleum ether, amylic 
alcohol, and carbon disulphide. Strychnine may be removed com- 
pletely from aqueous solutions of its salts by rendering the solutions 
alkaline with an excess of potassium or sodium hydroxide and“ shaking 
^ut” with chloroform. 

I he basic strychnine thus obtained may be estimated either gravi- 
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metrically or volumctrically by titration with a standard mineral' acid 
using a suitable indicator (sec page i8i ti seq). 

The chromate, ferrocyanide, mercuroiodide, periodide, phospho- 
tungstate, phospho molybdate and picrolonate are among the most 
insoluble salts of strychnine. All these forms arc occasionally used 
for the isolation or estimation of the alkaloid. The high insolubility 
of the ferrocyanide serves to separate the alkaloid from brucine. 

Of the several salts of strychnine, the hydrochloride is ofiicial in 
the British Pharmacopma; the nitrate and the sulphate in the United 
States; the nitrate in the German^ and the sulphate in the French Codex. 
The following table indicates the leading characteristics of the principal 
salts of strychnine; 


Salt 


Ponmal.'i 


.\l)pf.:ira nco 



Solubility 


Water ‘ Alcohol 


Hydrobromide BHUr + ILO Prismalic j 77'<) i 

i noodles. 1 1 

Diliicullly. 

Hydrt>chloride DHCI + 2H2O { Trimetric 

1 prisms or 

1 1 silky 

. 1 needles. 

82% 

I part 
in 35. S‘ 

I r'Jirt 

in 73' 

Hydriodide DHI-hHiC; 

1 

QuadraiiKu- 
lar needles. 

10 % 

Sparinsly . 

Very spar- 
ingly. 

Arsenate BHjAs04 + 

1 iH:0 

1 

Acicular 
crystals or 
crystalline 
powder. 

68.8% 

I part in 
about 14 ‘ 


Nitrate |bHNO, 

Silky 

needles. 

84% 

1 [uart 
in 63* 

1 part 
in i2o‘ 

Sulphate BsHjSO^ + sHiO 

i 

Prismatic 

needles. 

78% 

I part 
in 48* 

1 part 
in 135* 

Acid sulphate UH2SO« 4 - jHjO.: Lonj? thin 

noodles. 

71 -Cv 

1 



Analytical Reactions of Strychnine. 

I. On adding to a solution of a soluble salt of strychnine a solution 
of an alkaline carbonate, ammonia, potassium or sodium hydroxide, 
or lime-water, strychnine is thrown down as a white precipitate 
insoluble, or but very slightly soluble, in excess of the precipitant. 
The precipitate rapidly becomes crystalline. The crystals have a 
characteristic microscopic appearance, being usually long, rectangular, 
well-defined prisms. They are well developed if a drop of a dilute 

» British Pharmactutical Co<Ux. 
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solution of a strychnine salt (c. g., the nitrate or sulphate) be placed 
on a slip of glass, and cov’cred with a small beaker rinsed with strong 
ammonia. After half an hour the beaker may be removed, the 'drop 
of liquid covered with a circle of thin glass, and examined under the 
microscope. If the solution contain extraneous matter, it may be 
found difficult or impossible to obtain crystals from it. 

Solutions of the bicarbonates free from normal carbonates do not 
precipitate strychnine from solutions of its salts. 

2. If strychnine be liberated from the solution of one of its salts by 
one of the reagents mentioned above, and the liquid (with the sus- 
pended precipitate) be at once shaken with an equal measure of chloro- 
form, the alkaloid is readily dissolved by the latter and may be obtained 
in a solid state by separating the chloroform and evaporating it to 
dryness on the water-bath. (The agitation of the aqueous liquid with 
the chloroform should be repeated several times if quantitative results 
are desired.) From the aqueous liquids containing little solid matter, 
chloroform separates readily, but if, as is generally the case in practice, 
there be much extractive matter present, violent agitation is liable to 
cause the formation of an emulsion which may require many hours 
to break up into distinctive layers. The use of a mixture of equal 
volumes of chloroform and ether, in which strjxhnine is sufficiently 
soluble to insure its extraction, will oftentimes obviate the formation 
of such emulsions. The residue left on the evaporation of the chloro- 
form or ether-chloroform solution may be employed for the application 
of colour-tests and other methods of identification. 

3. Most of the general alkaloidal reagents (see page 185 et seq.), 
including platinic chloride, auric cliloride, picric acid (Hager’s reagent), 
tannic acid, phosphomolybdic acid (Sonnenschein’s reagent), phos- 
photungstic acid (Scheiblcr’s reagent), potassio-bismuth iodide (Dra- 
gendorfl’s reagent), potassio-mercuric iodide (Mayer’s reagent), and 
ioiline-potassium iodide (Wagner’s reagent), precipitate even very 
dilute solutions of strychnine salts. All of the above reagents, with 
the exception of tannic acid which must be used in neutral solution, 
should be applied to acidified solutions for detecting the presence of 
strychnine. Since many other alkaloids give similar precipitates with 
these reagents, their value lies in demonstrating the absence rather than 
the presence of strychnine. The usefulness of certain of the reagent^ 
mentioned above for isolating, purifying, identifying, or estimating 
strychnine will be described in subsequent paragraphs. 
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4. On adding phosphomolybdic acid (Sonnenschein’s reagent, 
to a neutral or a slightly acid solution of the alkaloid, the strych- 
nine 'is thrown down as a yellowish-white amorphous precipitate. 
Since the precipitation is practically complete in dilutions as great as 
I part in 10,000, this reagent is very useful in removing str)xhnine in 
concentrated form from complex organic liquids and purifying it from 
extraneous matters. Many alkaloids besides strychnine, however, 
give similar precipitates. The precipitate should be filtered off, 
washed with water containing the reagent, then suspended in water 
and the alkaloid liberated again in free state by decomposing the phos- 
phomolybdate compound with excess of ammonia. The alkaloid 
may then be extracted with ether-chloroform as in test 2. The 
precipitate can, however, be directly examined by the colour tests 
described in test 9. 

5. Phosphotungstic acid (Scheibler’s reagent, may be substituted 
for the phosphomolybdic reagent, as it precipitates strychnine from 
even more highly diluted solutions than does the latter. 

6. When potassium ferrocyanide is added to a solution of a salt of 
strychnine, the ferrocyanide of the base is precipitated as a yellowish- 
white crystalline powder, very sparingly soluble in cold acidified water. 
Since the ferrocyanide of brucine is readily soluble, the above-men- 
tioned reagent has been employed for the separation of these alkaloids 
in the assay of nux-vomica and ignatia and their preparations. Dun- 
stan and Short first proposed to precipitate the strychnine from a 5/0 
sulphuric acid solution, in which strychnine ferrocyanide is quite 
insoluble, but Schweissinger found that brucine ferrocyanide is partly 
precipitated from such a solution. Beckurts and Holtz {Pharm. 
Centralh., 1887, 28, 119, and 1889, 30, 574) substituted hydrochloric 
acid for sulphuric, and titrated a solution containing alx)ut 1% of the 
mixed alkaloids with a standard solution of potassium ferrocyanide, 
adding the latter until a portion of the filtered liquid gave a blue stain 
with paper moistened with ferric chloride solution. 224 parts of the 
crystallised potassium ferrocyanide represent 334 parts of strychnine. 
This method of estimating strychnine in the presence of brucine can 
only be applied to a solution of the pure alkaloids. 

7. Strychnine may also be separated from its tolerably concentrated 
neutral solutions by precipitation with potassium chromate. Tb^ 
test is best applied to a chloroform residue obtained as described in 2. 
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This should be dissolved in dilute acetic acid, the liquid filtered, if 
necessary, and evaporated to dryness at 100°. The resultant acetate of 
strychnine is dissolved in a little cold water and neutral potassium chro- 
mate is added to the solution. Strychnine chromate, (C2iH22 02N2)2,- 
H2Cr04, is thrown down as a reddish or yellowish-brown precipitate, 
soluble in boiling water (i in 171) and redeposited on cooling in orange- 
yellow needles. The precipitate is very slightly soluble in cold 
water (i in 470), a fact which enables strychnine to be separated from 
brucine, the chromate of which is more soluble. Potassium dichromate 
throws down from solutions of strychnine, not too dilute, an anhydro- 
chromate of the formula B2H2Cr207 as a yellowish-brown crystalline 
precipitate. The precipitate is not soluble in excess of the reagent or 
in very dilute acids, and its formation is much facilitated by stirring. 
It dissolves in 1,800 parts of cold and about 240 parts of boiling water. 
When recrystallised from boiling water, it forms orange-yellow needles, 
from hot acetic acid, reddish-yellow octahedra. The chromates of 
stryxhnine give the characteristic violet oxidation-product directly on 
treatment with strong sulphuric acid as described in test 9 ; or the alka- 
loid may be obtained in a free state by suspending the precipitate 
in water, adding ammonia, and agitating with ether-chloroform 
as in 2. 

8. A valuable reagent for the identification of strychnine is a solution 
of potassium or ammonium thiocyanate. A concentrated solution 
of a strychnine salt which may be prepared from a chloroform residue 
as described in 7, is precipitated on addition of this reagent as strych- 
nine thiocyanate, forming beautiful, crystalline, four-sided columns. 
The reaction may be applied on a microscopic scale by placing a drop 
of the strychnine solution on a slide, adding a drop of the thiocya- 
nate solution, and examining the separated crystals, which are 
characterised by their remarkably sharp edges, under the low power 
of a microscope. 

9. When the precipitate obtained by treating an acidified solution of 
a strychnine salt with iodine-potassium iodide (Wagner’s reagent) is 
dissolved in alcohol and the alcoholic solution is concentrated, str>xh- 
nine periodide, C2iH2202N2.l3ni, crystallises out in the form of violet 
coloured columns. Under the polarisation microscope these cr>'stals 
appear analogous to, and have similar optical properties with, here- 
pathite. The following is the best method of utilising the reaction for 
the detection of strychnine. On a microscope-slide place a very small 
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drop of an alcoholic solution of iodine, and allow it to evaporate. As 
soon as it is dry add a drop of a solution of strychnine, made by dis- 
solving the alkaloid in dilute acetic acid and adding a drop of sulpliuric 
acid. Add also a drop of alcohol, and allow the mixture to eva[)orale 
spontaneously. On examining the residue under the microscope with 
a Nicol’s prism and selenite, but using no analyser, characteristic 
crystalline structures will l)e observed. I'hese may take the form of 
small circular tufts of very tine black needles; of minute dots of a more 
or less triangular form, exhibiting yellow, pink, and green tints; lar^e 
triangular crystals of a yellow or green colour, composed of 3 parts 
radiating from a centre; numerous solid macled prisms, occasionally 
showing complementary tints; or solid rosettes of 4-, 5-, and 6-side(l 
prisms. In all cases it is desirable to compare the results with those 
obtained from a minute quantity of stryxhnine treated in precisely the 
same manner. The test is said to be sensitive to 1/2,500 of a grain of 
strychnine. 

10. On treating a cold solution of .strychnine in concentrated sul- 
phuric acid with an o.xidising agent, a deep violet-blue colouration is 
developed. This changes more or less rapidly through purple and 
crimson to a bright cherry-red tint, which is somewhat persistent. 
The colour finally changes to orange or yellow. The rapidity of the 
change is largely dependent on the nature and quantity of the oxidising 
agent employed. Various substances have been recommended for 
the purpose. The following are the most notable: 

a. Potassmm Dichromate . — This is the favourite oxidising agent 
with most operators, and the test is perhaps the most widely known of 
all alkaloidal colour reactions. The change of colour is very rai)id 
with potassium dichromate, and very little of the latter should be u.sed 
in order not only to retard the reactions as greatly as possible, but to 
minimise the amount of chromium salt resulting from the reaction, 
too much of which interferes with the display of colours due to the 
oxidation of the strychnine. 

A useful way of employing dichromate is to precipitate the strychnine 
by means of it (as in 7), and apply sulphuric acid to the precipitate. 
This plan has the great advantage of separating brucine, the presence 
of which interferes with the play of colours. 

h. Potassium permanganate may be used in place of potassium 
dichromate. It gives the reaction with great distinctness, and possesses 
the advantage over the latter of giving the violet-blue colouration with 
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strychnine even in the presence of an equal quantity of brucine. On 
the other hand, care must be taken in employing this reagent not to 
become confused by the crimson colour which it is liable to give with 
the sulphuric acid itself. 

c. Lead Dioxide (Pb02). — This oxidising agent acts very well, but 
the reddish colour of the reagent is liable to be confusing to the 
operator. 

d. Manganese Dioxide (MnO^).— This reagent, employed in small 
quantity and finely powdered, is preferred by some operators. It 
possesses the advantage of producing a very gradual change of 
colour, and its black colour does not interfere if it be used in very 
moderate quantity. 

e. Sulphuric acid containing i% of ammonium vanadate {Mandelin's 
reagent) produces with strychnine a deep violet-blue colour, changing 
to a deep purple, and finally to a cherry-red. On diluting the red- 
coloured mixture with water, there results a rose-coloured solution 
which remains unchanged for a considerable time. 

/. Cerosoceric Oxide (06304). — This oxidising agent, which must 
be used in somewhat larger quantity than those prenously mentioned, 
possesses the advantage over all of them of being light in colour and 
giving a colourless reduction product. 

The oxidation-test for strychnine is usually performed on the residue 
left by evaporating to dryness the ether-chloroform with w'hich an 
alkaline solution of the alkaloid has been extracted. The test may, 
however, be directly applied to the chromate or phosphomolybdate of 
strychnine (see reactions 4 and 7). The following mode of operating 
IS best calculated to ensure delicacy and accuracy: 

The solution of the strychnine in ether-chloroform may be evapo- 
rated in a porcelain dish, or a small portion of tlie residue may be 
transferred to the inverted lid of a porcelain crucible. If the quantity 
of strychnine to be sought for is likely to be very small, the dish should 
be immersed in hot water, and the solution of the alkaloid allowed to 
fall slowly into it from a burette or pipette, so that each drop may 
almost completely evaporate before another arrives. In this manner 
the strychnine-residue may readily be confined to a very small area, 
and the after-reactions thus rendered proportionately delicate. When 
quite dry and cold the residue should be treated with 2 or 3 drops of 
pure concentrated sulphuric acid, which should be thoroughly incor- 
porated with it by means of a glass rod. The mixture should then be 
VOL. VI .~29 
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allowed to stand for 5 minutes in order to note if any colour is produced. 
Salicin and certain other bodies will cause a red colouration, while 
some may be more or less charred. If any marked colouration is 
produced, the dish should be gently heated (not to the b. p. 
of water) for half an hour, the contents diluted with water, filtered, 
made alkaline with ammonia, agitated with a mixture of ether and 
chloroform (as in test 2), and the strychnine recovered by evaporating 
the solvent. The residue is then again treated with a drop or two of 
sulphuric acid. 

The oxidising agent is then added to the sulphuric acid by dipping a 
glass rod moistened with the latter into the powdered solid. A 
moderate quantity only should be used, so as not to obscure the reaction 
by the colour of the oxidising agent or of its reduction products. On 
stirring the drop of strychnine solution with the rod dipped in tlie 
oxide the blue colouration will become developed. In a minute or so 
it will be distinctly purple, passing in a few minutes to crimson, and 
ultimately to a cherry-red, the last tint being persistent for some 
minutes. Finally the colour will fade to an orange or yellow. The 
test is exceedingly sati.sfactory, delicate, and characteristic, but the 
order of colours is as important as their shades. The reaction is said 
to be capable of detecting 1/20,000 of a. grain of strychnine. 

There are but very few substances which at all simulate the reaction 
of strychnine when treated with sulphuric acid and an oxidising agent, 
and few indeed of these that are dissolved together with strychnine on 
agitating the alkaline solution with ether-chloroform. Salicin, 
santonin^ piperinCt solaninCj certain opium bases, cod-liver oil, and 
certain resins give colours with sulphuric acid alone, but they are 
extracted from acid solutions by ether and chloroform, and certain 
of them may also be got rid of by gently heating the liquid as already 
described. Aniline gives no colour with sulphuric acid alone, but. 
coloured products are formed on treating the solution with an oxidising 
agent. These cannot be mistaken for the oxidation-products from 
strychnine, for the order of tints is entirely different, commencing, in 
the case of aniline, with a green, changing to a very persistent bliK‘, 
and ultimately becoming black. Colocynth resin gives a very similar 
reaction to strychnine, but is readily extracted by agitating the acidifiod 
solution with benzene or ether. 

It is always desirable, therefore, not only to purify the strychnine by 
extracting it from an alkaline liquid by agitation with ether-chloroform 
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(see page 445), but to precede this extraction by shaking its acid 
solution with ether-chloroform for the removal of possibly present 
substances which would interfere with the oxidation-test. On the 
other hand, the oxidation-reaction is readily obtained even in the 
presence of considerable quantities of certain foreign substances. 
Thus oat-meal, tartar-emetic, and dextrin do not materially interfere 
with the reaction when the quantity of strychnine is considerable, and 
sugar of milk does not prevent the reaction at all. Hence the presence 
of strychnine in hypodermic tablets may be shown directly in the case 
of tablets which have been prepared with a pure milk sugar vehicle, 
by crushing the tablet and applying the oxidation-test to a fragment. 
Cane-sugar, however, is sometimes used in the manufacture of hypo- 
dermic tablets and this substance wholly prevents the application of the 
colour-test. Some drug extractive matters and nitrates act like cane- 
sugar in this respect, and hence the absence of strychnine must never be 
assumed before the test has been applied to an ether-chloroform 
residue. 

The alkaloids of cinchona, hydrastis, the mydriatic drugs, veratrum, 
and many other drugs may be found with strychnine in the ether- 
chloroform residue, but do not interfere with the application of the 
test if not present in excessive amounts. Morphine in small propor- 
tions does not interfere, and the presence of any quantity larger tlian 
traces is excluded by its limited solubility in the ether-chloroform. 

J. U. Lloyd has pointed out a colour-change which a mixture of 
morphine and hydrastine undergoes when subjected to the oxidation- 
test for strychnine. Mixtures of these alkaloids varying in proportion 
from equal parts to i part of hydrastine to 9 of morphine give with 
concentrated sulphuric acid and potassium dichromate a greenish to 
violet-blue colour slowly changing to purple, which colour lasts for a 
half hour or more. The colour does not then pass over into cherry- 
red and finally into orange or yellow as it does in the case of strychnine, 
but slowly changes to a dirty greenish-brown. Moreover, as pointed 
out in the last paragraph, the solubility of morphine in ether-chloro- 
form is quite limited, and it would not be possible, therefore, to extract 
from a solution containing both hydrastine and morphine, a mixture 
of there alkaloids in the proper proportions to produce the colour- 
reaction described above. Hydrastine alone, or with traces of mor- 
phine, gives only a red colouration and no blue or violet. 

In small proportions brucine exercises no injurious influence on 
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the oxidation-test for strychnine, but when much is present it inter- 
feres in a marked manner. Hence it is safest to separate the strychnine 
first of all as ferrocyanidc or chromate, as described in reactions 6 
and 7, or a strong solution of a salt of the alkaloid can be treated with 
decided excess of ammonia, when the strychnine will be precipitated 
and the brucine will remain in solution. If a mixture of brucine and 
strychnine be treated with chlorine-water, the former base dissolves 
as dichlorobniciney and the residue then gives the colour-reaction 
perfectly (Bcckurts). Brucine can be sought for in the filtrate as 
described on page 464. In toxicological investigations its presence 
together with strychnine points to an administration of one of the 
natural sources of the alkaloids rather than to the use of a purified 
salt of strychnine. Commercial strychnine and its salts may contain 
traces of brucine, but not in sufficient amount to interfere at all with 
the application of the oxidation-test. 

Curarine, one of the alkaloids found in Indian arrow poison, gives 
rise to a series of colour reactions somewhat similar to the oxidation- 
reactions of strychnine. This alkaloid is readily distinguished from 
the latter, however, by the fact that a blue colouration is produced on 
treating it with sulphuric acid alone. Moreover, it is practically 
insoluble in ether-chloroform, and hence could not be present in the 
ether-chloroform extraction residues (see page 464). 

Certain ptomaines have been reported to produce a blue colour 
with the oxidation-test. Those which have most closely rescmbleil 
strychnine were reported by Amthor {Chem. Ztg.y 1887, ii, 228) and 
by Mecke and Wimmer {Pharm, Zeil.^ 1898, 43, 300). The former 
differed from strychnine in that it did not form a crystalline chromate, 
picrate, ferricyanide, or thiocyanate, while the latter differed in that 
it gave a yellowish-red colouration with sulphuric acid alone. Both 
differed from strychnine in that they were much less bitter in taste 
and did not produce tetanic convulsions when subjected to the 
physiological test (see page 454). 

Ac(?tanilide produces a crimson to purplish-red colour changing to 
green, on subjection to the sulphuric acid-chromate test. This, as 
well as many organic synthetic substances, would be removed by 
shaking out from acid .solutions with ether-chloroform. 

Many of the above sources of confusion may be avoided by per- 
forming the oxidation-test in a manner suggested by H. Lethe by, 
which consists in employing electrolytic oxygen instead of either of the 
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oxidising agents mentioned on pages 448, 449. The solution of the ether- 
chloroform residue in a drop or two of strong sulphuric acid is placed 
in a cup-shaped depression in a piece of platinum foil. The foil is 
connected with the platinum plate of a single Grove’s cell, and a 
platinum wire connected with the zinc plate of the battery. As 
soon as the end of tliis platinum wire is dipped into the drop of acid, 
the violet colour of the oxidation-product will flash out, and on remov- 
ing the wire froni the liquid the tint will remain. The test may 
be rendered still more delicate by placing the drop of liquid at the 
bottom of a porcelain crucible, and momentarily immersing in the 
liquid 2 platinum wires connected respectively with the zinc and 
platinum plates of the battery. 

11. A dilute alcoholic solution of picrolonic acid (dinitrophenyl- 
methylpyrazolonc) quantitatively precipitates stryxhnine as crystalline 
strychnine picrolonate, from dilute aqueous, alcoholic, or ethereal 
solutions of either the free base or one of its salts. Picrolonic acid 
precipitates also other alkaloids, but the precipitates are characterised 
by their great insolubility and high m. p. The latter are useful as 
confirmator)' tests of identity. Strychnine picrolonate melts with 
decomposition at 286®. 

12. Blo.xam (Chem. NewSy 1887, 55 , 155) is authority for the follow- 
ing series of colour reactions said to be characteristic of str)Thnine. 
If strychnine be dissolved in a drop of dilute nitric acid, the liquid 
gently heated, and a small particle of potassium chromate be added, 
an intense scarlet colouration is produced. This is changed to brown 
on the addition of ammonia, and on evaporation to dryness leaves a 
dark green residue, soluble in water to a green coloured solution which 
is changed to orange-brown by potassium hydroxide. The solution 
again becomes green on addition of nitric acid. 

13. Malaquin (/. Pltarm. ct Chim.y 1909 [vi], 30 , 546) has reported 
a reaction for strychnine that is said to be characteristic, i c.c. of a 
very dilute solution of a strvxhnine salt (not stronger than i:i,ooo) is 
mixed with 2 c.c. of hydrochloric acid and i grm. of granulated zinc. 
After 2 or 3 minutes at ordinary temperature, it is heated quickly to 
boiling, cooled and poured carefully, so as to form a separate layer, on 

2 c.c. concentrated sulphuric acid contained in a test-tube. If 
strychnine be present a rose-red ring will be formed at the surface of 
contact of the 2 liquids ami gradually the whole mixture will become 
rose-red in colour. On heating to boiling the colour is not changed 
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but the mixture is rendered colourless by potassium thiocyanate 
ammonia, or sodium hydrogen sulphate in excess. 

The test is sufficiently delicate to detect strychnine in a diluiiou 
of 1:100,000. It is stated that the only known alkaloid which 
be mistaken for stiyxhnine by this test is veratrine, which gives a 
beautiful red colouration with the sulphuric acid, but on boiling the 
mixture it is changed to a dirty yellow, whereas the red colour produced 
by strychnine remains unchanged. 

Many other colour reactions for str>Thnine have been proposed and 
described from time to time, but it must be remembered that the par- 
ticular shades of colour developed are influenced not only by traces of 
impurities that may be present in the material l)eing tested, hut by 
the relative proportions of reagents and alkaloid employed for the 
test, by the temperature, by the influence of air and moisture, and 
even by the salt form of the alkaloid, if the test be applied to a salt 
instead of the free base. It is essential, therefore, in applying the 
above-mentioned colour reactions for strychnine, to employ only 
ether-chloroform extractions prepared as described in test 2, and to 
repeat the purification steps described on page 442 until a residue is 
obtained which remains colourless on treatment with concentrated 
sulphuric acid. 

14. An exceedingly important confirmatory test for strychnine, and 
one that should invariably be made in toxicologic cases, is the physio- 
logic one first proposed by Marjihall Hall. Small frogs or white mice, 
being remarkably susceptible to strychnine poisoning, afford the best 
subjects for the test/but ordinary bam or field mice, or even rabbits 
and guinea-pigs may be employed. 

The test is made by taking a small quantity of the suspected liquid, 
or a portion of an ether-chloroform residue dissolved in water very 
slightly acidified with hydrochloric acid, and injectmg it under the 
skin of the animal by means of a hypodermic syringe. In the case of 
a frog, it may be injected, by means of a small pipette, into a small 
slit made with a small pair of scissors in the lifted skin of the animal. 
The first symptom usually observed is a difficulty in breathing grad- 
ually increasing until the animal appears to gasp for breath. A slight 
tremor will then be observed extending over the whole body 
especially noticeable in the hind legs. In some cases a frog ''ill 
remain perfectly quiet; in other cases it will leap about convulsively. 
Finally, after a few minutes, the characteristic tetanic convubsions 
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make their appearance. These occur intermittently, with intervals 
of rest, and, if the dose has been sufficiently large, end in the death 
of the animal. The convulsions may be induced by touching the 
animal, or by making a sudden noise as by clappmg the hands or 
knocking on the table. In the case of white mice and small frogs, as 
little as o.o6 mg. of strychnine will produce the tetanic convulsions. 

Toxicology of Strychnine. 

Owing to the violently poisonous character of strychnine and the 
fact that it enters into the composition of a number of commercial 
“vermin-Lillers,” its toxicology assumes a considerable degree of 
importance to the analyst. In all cases of poisoning the symptoms 
manifested by the subject are of importance to the chemist in furnishing 
liim a clue as to the nature of the poison. In the case of no other sub- 
stance, perhaps, arc the symptoms of poisoning more characteristic 
than with strychnine. These arc usually manifested at first by a bitter 
taste followed by a feeling of suffocation. Gradually the characteristic 
tetanic convulsions come on, often accompanied by an extreme rigidity 
of the entire body which tends to bend it backward into the shape of a 
bow. Lockjaw is a constant symptom, but vomiting, such as occurs 
with the metallic poisons and arsenic, is very rare. Consciousness, as 
a rule, is retained till the last, accompanied by a terror of the rapidly 
recurring and agonising convulsions. 

Death has been known to ensue within as short a time as 12 minutes, 
but usually occurs in from T / 2 to 2 hours. In rare cases with fatal 
ending, life has been prolonged for i or more djiys. 

The usual medicinal dose of stiyxhnine is from 1/ 12 to 1/ 100 of a 
grain. 1/6 of a grain is usually distinctly dangerous, i grain 
may be regarded as the average fatal dose for an adult, but death 
has been known to occur from 1/4 grain. Much, or course, depends 
upon the method of administration— a smaller dose, injected sub- 
cutaneously, being more toxic than a larger dose taken by mouth. 
The absorption of strychnine through the stomach is not very rapid, 
especially when introduced in solid form and mixed with foodstuffs 
not quickly digested, such as fats. 

The elimination of strychnine occurs through the saliva, milk, and 
particularly the urine. This elimination, however, is never complete; 
with large non-fatal doses, 50 to 75%, according to Gadamer, appears 
in the urine; with small doses, much less. 
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It is fortunate that the tests for this not uncommon poisoning agent 
should be both delicate and distinctive. Not only may the small 
fatal dose taken have been widely distributed throughout the organs of 
the body and have been partly eliminated, but that portion which was 
actually the cause of death, been oxidised or changed in such a manner 
as to cause it no longer to respond to the reactions for strychnine. 
The full amount taken can therefore never be recovered by the toxi- 
cologist, and if the amount taken has been only slightly in excess of 
that required to produce death, it follows that the amount found may be 
much less than that represented by the average fatal dose. When, 
however, strychnine has been recovered in sufficient amount for 
positive identification, and the symptoms were typical of poisoning 
by this agent, little doubt will remain as to the cause of death, even 
though less than a normally fatal dose be recovered. 

The post-mortem appearances of poisoning by strychnine are not 
very striking or characteristic. Rigidity of the muscles is usually 
prolonged, but if death occur in one of the intervals between the con- 
vulsions, no rigidity will be observed. The heart is usually, but not 
always, full of blood, especially on the right side. The stomach 
usually appears normal, but sometimes intensely congested. In a 
case reported by Allen, the stomach presented such an appearance as 
to suggest the presence of arsenic or other irritant poison; but no 
mineral poison could be detected. That death was due to administra- 
tion of a vermin-killer containing strychnine was subsequently fully 
proved by analysis and admitted by the murderer. The most char- 
acteristic appearance is the intense congestion of the brain and spinal 
cord, often accompanied by a considerable effusion of blood. 

For the detection of strychnine in the dead body, the portions of the 
body operated upon should be chosen according to the manner in 
which the poison is likely to have been administered. Thus it is of 
no use to search in the stomach or intestines for strychnine injected 
hypodermically, although in cases where the poison has been admin- 
istered by mouth these organs will usually be found to funiish the 
larger proportion of the amount recovered. Next in importance for 
the toxicologist are the liver, kidneys, brain, and spinal cord.‘ d'he 
blood and urine should always be examined also when this is possible. 
In extreme cases it is desirable to operate on very considerable quan- 

> In the case of a body examined by the reviser in Indiana in 1900, 0.33 grain of strychnine 
was recovered from the kidneys. 
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tities of materials as death may be caused by so small a quantity of 
strychnine that the poison may be altogether missed if this precaution 
be not taken. 

The portions of the body to be tested for strychnine should be cut 
into small fragments with a pair of scissors, and then further reduced 
by bruising in a mortar. The product should be made slightly alkaline 
by the cautious addition of sodium hydroxide solution, then distinctly 
acid by means of acetic acid,* and mixed thoroughly with 3 or 4 
volumes of 90 to 95% alcohol. After macerating for 3 or 4 hours 
with occasional stirring, the mixture is strained through muslin, and 
the strained liquid filtered through paper. This treatment serves 
thoroughly to extract any alkaloids that may be present, and at the 
same time leaves behind the greater part of the albuminous matter 
which has been coagulated by the alcohol. The clear filtrate is 
evaporated to a thin syrup on the water-bath, diluted somewhat with 
water, and, if turbid, again filtered. The clear liquid is next transferred 
to a separatory funnel, a few drops of hydrochloric acid added to 
ensure its acid character, and shaken out with an equal volume of 
ether. The extraction of the acid solution with ether serves to remove 
many ether-soluble substances such as glucosides, fats, oils, etc., 
which would otherwise contaminate the strychnine. The lower aque- 
ous layer, which retains the strychnine in the form of a salt, is carefully 
run off into a second separatory funnel and shaken out with an equal 
volume of chloroform. This serves to further purify the solution, 
taking out the impurities left by the ether.^ The chloroform layer 
is carefully run off and rejected, and a fresh portion of chloroform 
added to the contents of the separator. Ammonia water is now added 
until the liquid has become distinctly alkaline, and the whole immedi- 
ately and thoroughly shaken for a period of about i minute. On 
coming to rest, the aqueous liquid will separate from the chloroform 
layer, which can be run off into a separate vessel. If quantitative 
results are required, the alkaline aqueous liquid should be e.xtracted 
twice more with chloroform, the chloroform e.xtracts united, filtered 
through paper, and evaporated to dryness on the water-bath. 

‘ Some toxicologists prefer to employ tartaric acid, permitting of the subsequent tnaccra- 
alcohol at an elevated teniporaturc. 

Alter the preliminary extraction with ether, there is not so great a tendency to form an 
emulsion on shaking out with chloroform. Liquids charged with sugar or other extrac- 
tive matter may, however, render impossible the shaking out with chloroform without the 
*/^*‘mation of troublesome emulsions. In this case, the emulsified solution should be trans- 
I erred to a shallow dish, the chloroform evaporated by exposure to a gentle heat, and 
>-nereafter aU shakings out from acid solution carried out with ether alone. 
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The further treatment of the residue thus obtained depends upon 
its state of purity at tliis point. It may be sufficiently pure to respond 
to the reactions for strychnine given on page 444 et seq; on tlic other 
hand, impurities which interfere with the characteristic colour reactions 
for strychnine and prevent its crystallisation may be present, thus 
requiring further purification. I'his may be effected by dissoKing 
the entire residue in dilute acid, filtering, adding chloioform or a 
mixture of chloroform and ether, rendering alkaline witli ammonia, 
shaking out the precipitated alkaloid, and again evaporating the chloro- 
formic solution on the water-bath, in a tared beaker. 

Dialysis through parchment-paper is an efficient and occasionally 
a convenient means of separating stryclmine from organic matter. 
The finely divided tissue should be suspended in water to which 
some alcohol and acetic acid have been added. Distilled water 
should be used on the other side of the membrane, and changed at 
intervals of 12 hours. After 36 to 48 hours the dialysate may t)c 
evaporated to dryness and treated with alcohol, etc., as described on 
page 442. 

For the carrying out of the several identification tests, the ivcighd 
strychnine residue should be redissolved in chloroform and evaporated 
in portions on watch glasses or inverted porcelain crucible lids, some 
of which should be preserved for demonstration of strychnine reactions 
before the court. 

In addition to responding to the several colour and crystallisation 
tests as well as the physiological test on animals, the strychnine residue 
should be sufficiently pure to produce no marked colouration when a 
small portion is treated with a few drops of cold sulphuric acid. This 
is essential as proof that the residue is sufficiently pure to be weighed 
for quantitative estimation. 

The most delicate and characteristic chemical reaction of strychnine 
is the oxidation-test described on page 448. Reactions 7 and 8, and 
the production of crystals of strychnine as described in i, arc also 
valuable as confirmatory tests, and should never be omitted if the 
material at disposal be sufficient for their performance. The intensely 
bitter taste is also of great importance, and in conjunction with a 
distinct reaction by the characteristic oxidation-test, may usually be 
regarded as ample proof of the presence of strychnine, provided the 
absence of interfering substances has been insured by the previous 
treatment. The ptomaines mentioned on page 452 as giving colour- 
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reactions simulating those of strychnine, can only be present when 
putrefaction has taken place, and their formation must be very rare, 
or they would have been met with in the numerous cases in which no 
alkaloidal substance has been detected. Moreover, no ptomaine has 
ever been found to agree with strychnine in all its properties, including 
colour reactions, taste, and power to crystallise. The precautions 
mentioned therefore should be ample to guard against the mistaking 
of a ptomaine for strychnine. 

Fortunately for the toxicologist, strychnine possesses a high power 
of resistance to decomposition in the dead body. Allen reports the 
detection of strychnine in a stomach preserved in alcohol for 6 years. 
A portion of the untreated stomach and liver w^as kept in a jar, the 
mouth of which was closed by a bag containing wood-charcoal. On 
opening the jar after six years, the whole of the contents were found 
to have disappeared, with the exception of a small quantity of dust, 
in which abundance of strychnine was detected. Nevertheless, it has 
not infrequently happened that a postmortem analysis has failed to 
detect strychnine in corpses almost certainly containing it. This 
result has probably been due in most cases to the use of defective 
methods of analysis, or to the search being restricted to too small 
quantities of material or to wrong parts of the body. Occasionally, 
failure has probably been due to an elimination of the poison during 
life, especially in cases in which death has resulted from a minimum 
dose. If elimination has not occurred prior . to death, strychnine 
ought to be found by the toxicologist. 

Blood should be examined for strychnine by diluting it with an 
equal bulk of w^ater, adding a little acetic acid, boiling for a short time, 
filtering, and evaporating the filtrate nearly to dryness. The residue 
is taken up with alcohol, and the solution treated as already described. 

From urine, strychnine may be directly extracted by agitating the 
fluid with ammonia and ether-chloroform. 

Preparations of Strychnine, 

The oflficial preparations of strychnine are as follows: 
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Pharmacopoeia 

Preparation 

Strychnine per lluid- 
drain 

British 

Solution of strychnine hydrochloride 

4 5/100 grain. 

Syrup of phosphate of iron with quinine 
and strychnine (Easton’s syrup). 

i/j3 grain. 


Compound lax.ative pills 

i/i.so grain (per pill). 


Compound syrup of hypophosi>hites 

1/150 grain. 

United States 1 

Elixir of iron, quinine and strychnine phos- 

1/64 grain. 

phates. 


Glycerite of the phosphates of iron, quinine : 
and strychnine. 

1/22 grain. 


Iron and strychnine citrate 

o.y to 1 Cl). 


Syrup of the phosphates of iron, quinine and i 
strychnine. I 

1/S8 grain. 

French 

(iranulcs of sulphate of strychnine 

1/85 grain (per grannie). 


The above preparations may be divided naturally into 2 classes— 
those consisting of simple solutions or mixtures of str)’chnine or one of 
its salts, which require no special directions for determining their 
strength, and those consisting of rather complex mixtures, the analysis 
of which is fraught with many difficulties, chief among which is the 
presence of large amounts of another alkaloid. 

Most simple among these is the analysis of iron and strychnine 
citrate, United States Pliarmacopma, which occurs in gamet-red to 
yellowish-brown transparent scales, soluble in water. The official 
process for its assay for strychnine consists in shaking out an aqueous 
ammoniacal solution of the scales 3 times with chloroform, evaporating 
the combined chloroform liquids, and drying the alkaloidal residue 
.to constant weight at 100°. 

On account of the extensive use of syrup of the phosphates of iron, 
quinine and strychnine (an out-growth of the old formula for Easton’s 
syrup), and the corresponding elixir, as reconstructive tonics, both 
by direction of practising physicians, and as household remedies, their 
analysis becomes of importance to the analyst and occasionally to the 
toxicologist. The other complex preparations such as the compound 
laxative pills and compound syrup of hypophosphites contain such 
minute quantities of strychnine as to render their consideration by the 
toxicologist almost negligable, while the glycerite, although containing 
4 times as much strychnine as the syrup, is used only for the prepara- 
tion of the latter. 
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In analysing the syrup or elixir, the ifon may be estimated by 
evaporating 5 c.c. of the preparation, igniting the residue, dissolving 
the ash in hydrochloric acid, and titrating the iron with standard 
dichromate solution after reducing it to the ferrous state. 

The free phosphoric acid may be estimated by titration of 10 c.c. 
with methyl-orange and iV/2 sodium hydroxide. The neutral point 
is attained when NaHjPO^ is formed. 

The alkaloids may be estimated by diluting 100 c.c. of the syrup 
or elLxir with twice its volume of water, adding some citric acid and 
excess of ammonia, and shaking out twice again with ether-chloroform 
to remove the alkaloids.^ The ether-chloroform solution is then 
evaporated to dryness and the residue of mi.xed quinine and str}x'lmine 
weighed. 

The actual separation of the str>xhnine from the quinine is quite 
difficult both on account of the relatively small amount of the former 
in proportion to the latter and on account of the possible traces of 
impurities in the mi.xed alkaloids. Theoretically, the residue from 
100 c.c. of the syrup of the British Pharmacopa'ia should amount to 
1.1$ grm.; that from the syrup of the United States Pharmacopaia, 
2.62 grm.; and that from the elixir, 0.90 grm. The ratio of stiyxhnine 
to quinine in the 3 preparations should be, respectively, i to 19, i to 130, 
and I to 32. 

The ferrocyanide method of separating the strychnine cannot be 
successfully used because much of the quinine is precipitated along 
with the strychnine. 

Another method which has been suggested consists in dissolving 
the ether-chloroform residue from 100 c.c. in 20 c.c. of water acidified 
with a few drops of sulphuric acid. The solution is neutralised with 
ammonia and mixed with excess of ammonium oxalate solution. 
After 24 hours, the precipitated quinine oxalate is filtered off, the mother- 
liquor removed by gentle pressure, and the precipitate washed once 
with a little cold water. It is then dried at 100° and weighed. The 
"'t'lght multiplied by 0.878 gives tlie amount of anhydrous quinine 
alkaloid in the 100 c.c. of sample. The filtrate and wash water are 
then placed in a separator, made alkaline with ammonia and shaken 
out with ether-chloroform. The residue obtained by evaporating the 
^'ther-chloroform contains the strychnine slightly contaminated with 


lixfur"' ‘^Queous liquid the total phosphoric acid may be thrown down by magnesia 
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quinine. This should be washed twice with 5 c.c. of ether to remove 
the quinine after which the residue of strychnine should be weighed.^ 
The residue may be redissolved and tested for quinine by means of tlic 
thalleioquin test. 

A method proposed by the reviser consists in dissolving the mixed 
alkaloids from 100 c.c. of the syrup or elixir in a small quantity of o 5^'^, 
hydrochloric acid, making the solution exactly neutral with potassium 
hydroxide, and adding with constant stirring a solution of 1.5 grm. 
of potassium sodium tartrate in 5 c.c. of water. After 24 hours, 
the ciy'stals of quinine tartrate may be filtered off, washed with a few 
drops of cold water, dried at 105° and weighed. The weight multiplied 
by 0.794 gives the amount of anhydrous quinine alkaloid in the 100 c.c. 
of sample, or the precipitate may be transferred to a separator, with a 
little water, rendered alkaline with ammonia, shaken out with chloro- 
form, evaporated to diymess and weighed as quinine alkaloid. The 
filtrate and washings are then treated as described in the last para- 
graph, for the estimation of the strychnine. ^ 

Among the unofficial preparations containing stiyxhnine none are 
so widely used as the tablets both of simple composition and comple.x. 
Because of this extensive use, the ease with which they may be admin- 
istered, and the extreme danger of taking them by mistake for other 
widely used tablets, they have been prolific in the causation of strych- 
nine poisoning. For the assay, the tablets containing strychnine or 
one of its salts should be crushed and dissolved or extracted with water 
acidified with hydrochloric or sulphuric acid. The filtered acid 
solution should then be shaken out 2 or 3 times with ether-chloroform 
to remove non-alkaloidal substances soluble m these solvents, after 
which the aqueous layer may be rendered alkaline with ammonia 
and shaken out again with ether-chloroform. On evaporating the 
latter extractions to dryness, the strychnine (together with any otlu r 
alkaloids that may be present in a complex tablet) will be left in con- 
dition for weighing. The further separation of the strychnine from 
other alkaloids will then have to be devised according to the nature of 
the contaminating substances. (See page 51 1 for the separation of 
strychnine and quinine.) 

A rapid and accurate method for estimating stryxhnine in 

I Bernegau and E’We report these methods to be liable to give high results for 
in the case of syrups, and low results in the case of elixirs. By the oxalate method t ^ 
found in loo c.c. of the elixir only 0.015 grm. of strychnine instead of o.o.t grny. ‘"j 
TOO c.c. of the syrup 0,0355 instead of 0.03 grm. By the t.lrtrate method they fo'inn 

spectively in the elixir and the syrup, o.o3i grm. and 0.0258 grm. 
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dermic tablets, which consist of a soluble strychnine salt in admixture 
with sugar of milk as a vehicle, is a modification of Prescott and 
Gordin’s iodomelric method (./. Atijer. Chern. Soc., 1898, 20, 722). 
As commonly found on the market, these tablets vary in strength 
from i/ioo to 1/20 grain of a strychnine salt (nitrate or sulphate) per 
tablet. The procedure employed by the reviser is as follows. 

A number of tablets containing from 1/2 to i grain of strychnine 
arc dissolved in 30 c.c. of water, and 10 to 20 drops of hydrochloric 
acid are added. The solution is then poured with constant agitation 
into 15 c.c. of Njio iodine solution contained in a 50 c.c. cylinder. 
The solution is then diluted to exactly 50 c.c. with distilled water, and 
the whole shaken vigorously for several minutes until the periodide of 
strychnine separates in the form of a curdy precipitate, leaving the su- 
pernatant liquid a clear deep red in colour. (If the supernatant liquid 
be light yellowish-red in colour, an insufficient excess of iodine has 
been employed, and the assay must be repeated, using a smaller num- 
ber of the tablets.) The solution is then filtered, the first few c.c. of 
filtrate rejected, an aliquot part of the filtrate then collected, and titrated 
back with Njio sodium thiosulphate solution. From the amount 
of Nj 10 iodine solution used to precipitate the strychnine as periodide, 
('jiIIjjOjNj.FlI.Ifljthe amount of strychnine in the tablets is calculated. 

1 part of iodine precipitates 0.439 P^^ts of strychnine, or i c.c. of 
A7 10 iodine corresponds to 0.005555 grm. of alkaloid. 

Vermin-killers. — Stryxhnine has been largely used, particularly 
in Great Britain,^ for the extermination of rodents and other pests, 
and on account of the ease witlt which it may be purchased in the form 
of commercial vermin-killers, the latter have often been the cause of 
poisoning. In order to disguise its bitter taste and make the mixtures 
attractive to vermin, tliese preparations usually contain considerable 
starchy matter such as rice-starch, wheat-flour, or oatmeal, and some- 
times sugar. They arc generally coloured to attract attention to their 
poisonous character. Ultramarine, prussian blue, carmine, and char- 
coal have been employed for this propose and in cases of poisoning 
resulting from vermin-killers, the presence of these colouring matters 
<>ften indicate the source of the poison. 

•Strychnine can be determined in vermin-killers by exhausting a 
Icuown weight of the dry powder with chloroform or benzene, and 


i rn the United States, vermin-killers containinR strychnine are not at all common, arsen- 
and phosphorous preparations being more often employed for this purpose. 
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weighing the alkaloidal residue left on evaporating the solvent. The 
insoluble portion must be examined by the taste and oxidation-test 
to insure complete extraction and the absence of a salt of str}Thnine 
insoluble in the solvent used. An alternative, and in many respects 
preferable, method is to treat the vermin-killer with cold water acidified 
with acetic acid, until the residual powder has no bitter taste, and gives 
no colouration by the o.xidation-test. The solution is then treated 
with excess of ammonia and the stiyxlmine extracted by ether-chloro- 
form, which is separated, evaporated to dryness, and the residue 
weighed. 

BRUCINE, BRUCU, C„H,eO,N,. 

Brucine was discovered by Pelletier and Caventou in 1819, the next 
year after their discovery of strychnine, in the bark of Strychnos Nm- 
vomica. It occurs associated with strychnine in many species of 
stiyxhnos. The seeds of Strychnos Nux -vomica contain on the average 
about 1.25% of brucine; the seeds of Strychnos Ignatia about 0.5%. 
The leaves of Strychnos Nux-vomica are stated to contain brucine but 
no strychnine. 

In chemical constitution, brucine is a dimethoxystrychnine. 

Brucine is prepared from the mother-liquors obtained in the manu- 
facture of strychnine (see page 442). These are concentrated to a 
small volume, the brucine precipitated as oxalate by neutralisation 
with oxalic acid, washed with cold strong alcohol, dissolved in hot 
water, decolourised with animal charcoal, and evaporated to dryness 
with magnesia. The brucine is Extracted from the residue with 
acetone, and purified after recovery of the solvent, by recrystallisation 
from dilute alcohol. An alternative method consists in treating the 
dry mixture of precipitated alkaloids obtained in the manufacture of 
strychnine, with cold acetone, whereby the brucine is extracted, 
leaving behind the strychnine. 

Brucine occurs as a bitter, white, odourless, crystalline powder, or 
as colourless, transparent, monoclinic prisms, containing 4 molecules of 
water of crystallisation. The crystals are somewhat efflorescent in 
dry air, and readily melt and lose all their water at 115°. The anhy- 
drous base then solidifies, and melts again at 178.® On ignition it is 
consumed, leaving no residue. Its solutions are laevogyrate, intensely 
bitter, and have a marked alkaline reaction. 

Brucine is much more soluble than strychnine in water, the crystal- 
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line base dissolving in about 320 parts of cold water and in about 150 
parts of boiling water (E. Schmidt). In alcohol and in acetone it is 
very soluble, a fact which is employed to separate it from strychnine. 

It is also very soluble in chloroform (about 7 parts, Schmidt), but is 
almost insoluble in absolute ether. Brucine is insoluble in the fixed 
alkalies and only sparingly soluble in excess of ammonia. 

Brucine resembles strychnine closely in its general characters, but 
is many times less poisonous. It is excreted far more rapidly than 
strychnine, so that when given l)y the stomach it produces little effect, 
though it is fatal when injected hypodermically (T. Lauder Brunton, 
Jour. Chem. Soc., 1885, 47, i 43 )- T. J. Mays ( 7 . Physiol, 1887, 8, 
391) finds that, when frogs are poisoned, brucine primarily affects the 
posterior and strychnine the anterior extremities; convulsions occur 
very early and invariably before death in strychnine poisoning, and 
very late or frequently not at all in brucine poisoning. Like strych- 
nine, it is not acted on readily by cold sulphuric acid, or by alkali 
hydroxides. It dissolves without decomposition in strong hydrochloric 
acid, and forms readily crystallisable and soluble salts. 

Analjrtical Reactions of Brucine. 

1. Brucine is precipitated in a free state on adding an alkali to the 
solution of one of its salts, and may then be taken up by agitating the alka- 
line liquid with ether-chloroform in the same way as strychnine (see 
page 442), 

2. Brucine is precipitated from dilute solutions of its salts by the 
general alkaloidal reagents in much the same way as strychnine (see 
paragraph 3, page 445)« 

3. Brucine is not precipitated at once from its hydrochloric acid 
solution by potassium fcrrocyanide, a fact which is used to separate 
it from strychnine (see paragraph 6, page 446). 

4. Potassium dichromate throws down from solutions of brucine 
salts, even when very dilute, a yellow precipitate of brucine chromate, 
insoluble in acetic acid, but soluble with deep red colour in strong 
nitric acid. The microscopic appearance of brucine chromate is 
characteristic, and, together with its behaviour with nitric acid, dis- 
tinguishes the precipitate from all others produced by the reagent. 

S- The microscopic appearances of the precipitates produced in 
brucine solutions by platinic chloride and potassium ferricyanide 
are also highly peculiar. 

VOL. VI.— 30 
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6. When treated with concentrated sulphuric acid and an oxidising 
agent, brucine does not give the coloured products so characteristic 
of strychnine. 

7. The most satisfactory reaction of brucine is that with nitric acid. 
On adding a drop or two of cold nitric acid to an ether-chloroform 
residue, or other solid product containing brucine, a scarlet or blood- 
red colouration is produced, which on heating changes to ycllowish-rcd, 
and finally to yellow. ^ If the mixture be then cooled and treated very 
cautiously with stannous chloride (or other reducing agent, such as 
sodium thiosulphate), a purple colouration is produced, which is 
destroyed by excess of either nitric acid or the tin salt.^ 

The red colouration of brucine caused by nitric acid may likewise be 
developed by dissolving the alkaloid in strong sulphuric acid in a test- 
tube, and allowing nitric acid to run on to the surface of the heavier 
liquid. A red zone, passing to yellow, will be produced at the junction 
of the two liquids. If cold nitric acid be added to solid brucine, so as 
to develop the red colour, and the mixture be then largely diluted with 
water, a substance called kakotelin, C2oH22(N02)2N305, separates 
in yellow flocks. The filtered liquid, after neutralisation by ammonia, 
gives a precipitate of calcium oxalate on being treated with calcium 
chloride. 

The production of a red colour with nitric acid, accompanied by a 
formation of oxalic acid and yellow scales or crystals, insoluble in 
water but soluble in dilute acids, constitutes a combined reaction 
which is peculiar to brucine. 

8. Brucine dissolves in chlorine-water with red colour. On evapora- 
tion, dichlorobrucinc, C23H24CI2O4N2, remains as a reddish-brown, 
amorphous mass. 

9. Picrolonic acid precipitates brucine from its dilute solutions in 
the form of cubical or rhombohedric crystals which darken at 214° 
and melt at 256° (Gadamcr). 

Toxicology of Brucine. 

Like strychnine, brucine resists decomposition for a long time, and 
hence may be recovered along with strychnine, when the cause of the 
poisoning has been due to a preparation of nux vomica or ignatia. 

» Strychnine, on the contrary, gives no colouration with cold nitric acid, but develops a 
yellow colour on warming. . 

* The orange colour produced by adding nitric acid to morphine remaina unchangea 
addition of itannous chloride. 
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fact, its special significance in toxicological cases is to indicate the 
probable employment of such a preparation rather than one of the pure 
alkaloids or salts. On account of its limited use, as such, in medicine, 
cases of poisoning by brucine alone are scarcely known. The pres- 
ence of brucine in an ether-chloroform residue may be readily detected 
by the nitric acid test. This may be made by treating the residue 
first with concentrated sulphuric acid, followed by a trace of nitric 
acid. After the red colouration due to brucine has faded to a yellow, 
a small fragment of potassium permanganate may be drawn through 
the mixture, whereupon, if strychnine also be present, the characteristic 
blue colouration will appear. 

The quantitative separation of brucine and strychnine in toxicolog- 
ical work has already been considered. For the separation in assays of 
nux vomica and its preparations, see pages 469 et scq. 

Nux Vomica. 

Under this name, the dried, ripe seeds of Strychnos Nux^vomica 
Linn^ {FsLm.Loganiacecp), a small tree growing in the East Indies, arc 
official in the British and the United States Pharmaeopivias. English 
synonyms are poison-nuts and (Quaker buttons; French, noix vomique; 
(ierman, Kriihenaugen and Brcchniissc. The tree produces a fruit 
resembling the orange, which contains many seeds imbedded m a 
juicy bitter pulp. The seeds are removed from the ripe fruit, cleaned, 
dried, and sorted. The principal ports of shipment are Bombay, 
Cochin, and Madras, which lend their names to the 3 commercial 
varieties. 

The appearance of the whole seeds is highly characteristic. They 
have the shape of flattened disks about Urree-quarters of an inch in 
diameter, flat or slightly convex on one side and concave on the other. 
They are densely covered with a coat of satiny ash-coloured or yellowisli- 
grey hairs radiating from the centres of the sides, giving them a highly 
characteristic appearance. They are extremely hard and difficult to 
grind or powder. In practice they are often steamed in order to soften 
them and render them more easily comminuted. They have no 
odour but taste intensely bitter. 

On the other hand, the powdered seeds are light grey to greyish- 
buff in colour and might readily be mistaken for many other powdered 
drugs, such as jalap, or liquorice. If moistened with water, however, 
and examined under the microscope, the characteristic fibrous hairs 
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may be readily recognised. These are coloured yellow by iodine- 
potassium iodide solution, while the rest of the powder becomes brown. 
When treated with strong nitric acid, the powder acquires an orange- 
red colour. 

Nux vomica contains the alkaloids strychnine and brucine in com- 
bination with cajfetannic acidy together with a small amount of a gln- 
coside, loganin, about 4^0 of futty matter, and a large amount of a 
homy albuminous substance. There may also be present a few 
nearly spherical starch grains, from particles of adhering fruit pulp. 
Nu.x vomica on ignition yields about 5V0 of ash. 

CafTctannic acid, formerly known as strychnic or igasuric acid, 
has been obtained as an amorphous, yellowish-while mass, readily 
soluble in water and in alcohol. It has a strongly acid and astringent 
taste and gives a green colour with ferric chloride and a l)lack precipi- 
tate with ferrous salts and ammonia. It gives a white precipitate 
with lead acetate and reduces ammoniacal solution of silver nitrate. 
On melting with potassium hydro.xide, protocatechuic acid is formed. 

Loganin e.xisLs in nux vomica seeds, but more largely (4 to 5>;) in 
the pulp in which they lie embedded in the fruit. Dunstan and Short 
{Pharm. Jour., 1884, 14, 1025) obtained loganin in prismatic crystals 
by cooling the liquid obtained by exhausting this substance with chloro- 
form-alcohol (4:1). After recrystallisation from alcohol, the colour- 
less prisms contained an empirical formula identical with 

that of arbutin, from which, however, loganin is distinguished by its 
much higher m. p. (215°), and by not yielding quinol with dilute 
sulphuric acid, 

Loganin it readily soluble in water and alcohol, but less so in ether, 
chloroform and benzene. It develops no colour with nitric acid or 
other oxidising agents, and the aqueous solution is not affected by 
solutions of lead, iron or silver, and docs not reduce Fehling’s solution. 
When gently warmed with strong sulphuric acid, loganin gives a fine 
red colour, changing to purple on boiling. When boiled mth dilute 
sulphuric acid, it yields a reducing glucose and loganetin, which 
latter substance behaves with solvents and reagents very similarly to 
loganin itself. 


The Assay of Nux Vomica. 

Although nux vomica contains 2 active alkaloids, its value and 
toxicity depend primarily upon its strychnine content on account of 
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the much greater physiological activity possessed by this alkaloid. 
Piesent-day methods of assay therefore are directed toward the esti- 
mation of strychnine alone— although the assay for total alkaloids is 
of almost equal value — owing to the fact that the alkaloids strychnine 
and brucine exist in nux vomica in almost equal amounts. Bcckurts 
{FJiarrn. J&ur., 1889, 20, 341) reported the ratio of strychnine to 
brucine to vary only between 43-57 54^6. In the author’s 

experience in supervising hundreds of assays of nux vomica and its 
preparations during the past ten years, the yield of total alkaloids has 
been found to approximate so nearly the double of the yield of strych- 
nine that the former estimation is always made as a check on the 
accuracy of the latter. 

For the estimation of total alkaloids, the method of Keller^ is most 
suitable. The method is carried out as follows: 

Take 12 grm. of finely powdered nux vomica, place in a dry 200 c.c. 
flask, add a mixture of 80 c.c. ether and 40 c.c. chloroform, and stopper 
tightly. After one-half hour, add 10 c.c. 10% ammonia, and shake 
repeatedly for i hour.^ 15 to 20 c.c. of water are then added in 2 or 3 
portions with vigorous shaking, to aglutinate the drug, and cause the 
ether-chloroform solution of the extracted alkaloids to separate in a 
clear layer. 

Exactly 100 c.c. of the latter clear liquid (representing 10 grm. drug) 
arc then poured off and transferred to a separator. This is shaken 
out with 50 c.c. of o.$% hydrochloric acid, and the extraction repeated 
with 25 c.c. portions of the latter until a few drops of the acid layer no 
longer give a cloudiness on addition of Mayer’s reagent. The united 
acid layers arc now filtered into a second separator, 30 c.c. of a mixture 
of 3 parts chloroform and i part ether added, the aqueous layer ren- 
dered distinctly alkaline with an excess of ammonia, and the mixture 
agitated thoroughly for i to 2 minutes. The separated chloroform- 
ether (lower) layer is then run off, through a pledget of cotton con- 
tained in a small funnel, into a tared Erlenmeyer flask, and the aqueous 
layer extracted with further portions of chloroform-ether until a few 
drops of the former, removed with a pipette, no longer give a precipitate 
^ith Mayer’s reagent. The united chloroform-ether solutions are 

’ Schweig, Wochgnschr.f. Chtm. u. PJtarm., 1895. 33i 45>. 

In the reviser's laboratory, 8-ounce, narrow- mouthed bottles are preferred to flasks as 
Uicy may be readily attached to a mechanical shaker and allowed to be shaken while other 
''""'k is being carri^ on by the operator. It is most convenient to start an assay late in the 
ftUemoon, aUow the shaking to continue for an hour or more, and then let the liottle stand 
®vcr night. In the morning, after one vigorous shakinsf, the extraction wiU be complete 
’’u the next step of the process can immediately be earned out. 



470 


STRYCHNOS ALKALOIDS. 


then distilled or evaporated to dryness on the water-bath, the varnish- 
like residue treated with 5 c.c. of ether and again evaporated (in order 
to remove traces of chloroform which adhere tenaciously to alkaloidal 
residues) to constant weight. The weight obtained, multiplied by 
10, gives the percentage of total alkaloids in the drug. 

As a check on the purity of the alkaloids thus abtained, the residue 
may be dissolved in 20 c.c. of Nj 20 sulphuric acid, preferably by 
warming on the water-bath with the addition of a few drops of chloro- 
form to facilitate solution. The solution is then transferred to a 6 oz. 
bottle, 10 c.c. of ether added to form a layer on the top of the acid solu- 
tion, a few drops of iodeosin indicator added, and the excess of acid 
titrated with A^/50 potassium hydroxide solution. The end point 
is marked by the appearance of a faint pink colouration in the 
lower aqueous layer. Each c.c. of Nj 20 acid corresponds to 0.0182 
grm. mixed alkaloids, it being assumed that strychnine and brucine 
are present in equal amounts. 

The method of the French Codex is essentially the gravimetric 
method of Keller, differing only in details as to amounts of materials 
and solvents to be employed. The standard is not less than 2 nor 
more than 3% of total alkaloids. 

The method of the German Pharmacopeia differs from the above 
method in the use of sodium hydroxide instead of ammonia to liberate 
the alkaloids, and particularly in the method of making the titration. 
Instead of evaporating the final ether-chloroform extractions to dryness 
and dissolving them in standard acid, they are placed in a separator 
and shaken out with 10 c.c. of N/io hydrochloric acid, which is 
followed by 3 portions of 10 c.c. each of water. The united aqueous- 
acid extractions are diluted to 100 c.c., an aliquot part taken, and the 
excess of acid titrated back against N/ioo potassium hydroxide solu- 
tion. The standard is not less than 2.5% of total alkaloids. 

An accurate method for determining total alkaloids in nux vomica 
is the picrolonic acid method of Matthes and Rammstedt (Arch. d. Pharm., 
1907, 245, 124). 15 grm. of the dried and powdered drug are extracted 
by maceration with 100 grm. ether, 50 grm. chloroform, and 10 c.c. of 
10% sodium hydroxide solution. The drug is aglutinated with water; 
50 grm. of the chloroform-ether solution, which has been filtered 
through a dry filter and which represents 5 grm. drug, are taken and 
evaporated to about half its volume. 5 c.c. of N/10 alcoholic picro- 
lonic acid solution is then added, and after 24 hours, the precipitate 
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of strychnine-brucine picrolonate is transferred to a Gooch crucible. 
The precipitate is washed with 2 c.c. of a mixture of alcohol and ether, 
I to 3, dried for 30 minutes at i icP and weighed. The weight obtained, 
multiplied by 0.5798, gives the amount of total alkaloid in 5 grm. drug, 
assuming the alkaloids to be present in equal .''mounts. 

Commercial nux vomica as a rule ranges from 2 to 3% in alkaloidal 
content, although samples of both higher and lower alkaloidal strength 
have been reported. The international standard for nux vomica 
adopted by the Brussels Conference is 2.5% total alkaloid. The 
United States Pharmacopoeia, however, has adopted a standard of 
1.25% strychnine. The official method of the United States Pharma- 
copoeia, Eighth Revision, is essentially as follows: 

20 grm. of nux vomica in No. 60 powder are placed in a 250 c.c. 
flask and macerated with frequent shaking for i hour with 200 c.c. of 
a mixture of 137.5 ether, 44 c.c. chloroform, 13.5 c.c. alcohol, and 
5 c.c. ammonia. After 12 hours 100 c.c. of the liquid (representing 
10 grm. drug) arc transferred to a separator and shaken out with several 
portions of about 5% sulphuric acid. The combined acid solutions are 
rendered alkaline with ammonia and shaken out with 3 portions of 
chloroform. The combined chloroform solutions are then evap- 
orated to dryness in a loo.c.c, flask. 

The alkaloidal residue is dissolved in 15 c.c. of 3% sulphuric acid 
by warming on the water-bath. When cool, 3 c.c. of a cooled mixture 
of equal volumes of nitric acid (sp. gr. 1.40) and water are added for 
the purpose of oxidising and destroying the brucine. After shaking 
the mixture gently 3 times during exactly 10 minutes, the red liquid is 
transferred to a separator containing 25 c.c. of 10% sodium hydroxide 
solution. The strychnine is now extracted by shaking out several 
times with chloroform, and the combined chloroform solutions 
evaporated to dryness. The alkaloidal residue is finally dissolved in 
N/io sulphuric acid and the excess of acid titrated back with AT/ 50 
potassium hydroxide, iodeosin being used as indicator. Each c.c. of 
Nj 10 acid consumed corresponds to 0.0332 grm. of strychnine. 

The principle, mvolved in this assay, of destroying brucine by 
means of nitric acid, was first employed m an assay process by J. E. 
Gerock (Arch, der Pharm., 1889, 227, 158), who applied the nitric 
acid, of 1.056 sp. gr.,to the mixed picrates of the alkaloids strychnine 
and brucine, which had been obtained by precipitatmg an almost 
neutral solution of the alkaloids with picric acid, collecting the precipi- 
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tate on a filter, washing, drying, and weighing. On warming with 
nitric acid, only the brucine picrate was decomposed, leaving beliind 
in unchanged form the str>Thninc picrate which was collected again 
and weighed. Later, C. C. Keller {Proc, A. Ph. /!., 1894, 42, 531) 
applied the nitric acid method directly to a sulphuric acid solution of 
the mixed alkaloids, the residue from 10 grm. of drug being dissolved 
in 10 c.c. of 10% sulphuric acid and allowed to stand in the cold for 
I 1/2 hours with i c.c. of nitric acid of 1.41 to 1.42 sp. gr. Later on, 
H. M. Gordin (Proc. A. Ph. A., 1902, 50, 336) worked out better con- 
ditions for the destruction of brucine witli nitric acid, under which, 
while the brucine was completely destroyed, the strychnine was 
scarcely, if at all, affected. He dissolved the alkaloidal residue in 
15 c.c. of 3^;^ sulphuric acid, treated the solution with 3 c.c. of a mixture 
of nitric acid (sp. gr. 1.42) and water for 10 minutes. Unfortunately, 
when his method was adopted for the United States Pharmacopn ui, 
Eighth Revision, the strength of the nitric acid was changed to that 
corresponding to a sp.gr. of 1.40. Webster and Pursel (Am. J. 
Pharm., 1907, 79, i) and others have pointed out the fact that this 
official method docs not always insure the complete destruction of the 
brucine, thus leading to apparently too high results. They recommend 
the addition, after the use of the mixture of nitric acid of sp. gr. 1.4° 
and water, of i c.c. of a 5% solution of sodium nitrite, and increas- 
ing the time of standing, from 10 minutes to 38 minutes. The 
reviser has found, however, that if nitric acid of 1.42 sp. gr. be employed, 
accurate results will be obtained. If nitric acid of sp. gr. 1.42, which 
is somewhat stronger than the usual nitric acid of commerce, is not 
readily obtainable, i c.c. of a 5% solution of sodium nitrite will insure 
the complete destruction of the brucine, and if the latter .solution be 
fre.shly prepared each time, it is not necessary to increase the time 
beyond the prescribed 10 minutes. 

Preparations of Nuz Vomica. 

The following table gives the official nux vomica preparations of 
the British, United States, German and French Pharmacopoeias. 
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Pharmacopoeia 

Preparation 

1 Standard 


Extract 

... s% strychnine. 


Liquid extract.. 

... I S firm, strychnine in 100 c.c. (About 4/5 
grain per fluid dram.) 




Tincture 

... 0.25 grm, strychnine in 100 c.c. (About 1/8 
firain per fluid dram.) 


Extract 

. . . 5% Strychnine. 

United States, 8th 
Rev. 

Fluidcxtract. . . 

... I firm, stiwchnine in 100 c.c. (About .?/j 
grain per fluid dram.) 


Tincture 

. .. o.i grm. strychnine in 100 c.c. (About 3/50 
firain per fluid dram.) 


; I'.xtract 

. . . . Not less than 16% total alkcdoids. 

German, 5th 

! Tincture 

, . . . Not less than 0.25% total alkaloids. 


j Extract 

. . , . 16% tot.al alkaloids. 

French, 1908 

i Powder 

, . . . 2. 5 Vo total alkaloids. 


1 Tincture 

1 

. . . 0. 2 5''o total alkaloids. 


The lack of international uniformity in the strength of so potent 
preparations as those of nux vomica is to be deplored, owing to the 
danger involved of giving an over-dose. Thus the extracts of Great 
Britain and the United States are about 2/3 as strong as those 
of Germany and France, whereas the British tincture is twice as strong 
as those of the latter countries, and 21/2 limes as strong as that of the 
United States. 

The official method of assay of the British Pharmaeopiria for the 
liquid extract is the ferrocyanide method of Dunstan and Short, and is 
essentially as follows: 

10 c.c. are evaporated to a thick syrup on the water-bath, dissolved 
in 20 c.c. of water, transferred to a separator, mi.xed with a solution of 
5 grm. sodium carbonate in 25 c.c. water, and agitated with 10 c.c. 
chloroform. The extraction with chloroform is twice repeated, after 
which the united chloroform extractions are shaken out 3 times with 
about 10 c.c. of 25% sulphuric acid. The united acid solutions are 
diluted to 175 c.c., 25 c.c. of 5% solution of potassium ferrocyanide 
arc added, the mixture shaken well for 1/2 hour and set aside for 6 
hours. The precipitated stiy'chninc ferrocyanide is now transferred 
to a filter and washed with much diluted (1/3%) sulphuric acid until 
the washings are free from bitterness.' 


, ‘The filtrate and washinRs may be used for the ^timatvon of bmeine by 
trating somewhat, rendering alkaline with ammoma, shaking out with ether-chloroiorm, 
and evaporating the ether-cnloroform solution. 
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The precipitate is transferred to a separator, 5 c.c. of 10% ammonia 
added, and then, after shaking well, the liberated strychnine is 
extracted with 2 successive portions of chloroform of 15 c.c. each. 
The united chloroformic solutions are evaporated in a current of 
warm air, dried for i hour on the water-bath, and finally weighed. 

The extract of nux vomica, Bri/is/i Pharmacopoeia, is prepared from 
the standardised liquid extract, and the tincture from the extract. 
In the United States, the nitric acid method of destroying the brucine 
IS employed in the assay of the extract, fluidextract, and tincture; the 
latter is prepared, however, from the extract. 

Alkaloids of Curare. 

Curare is an exceedingly poisonous extract made from the bark of 
various species of Strychnos, and used as an arrow poison by tribes of 
Indians in tropical South America. It is also known variously under 
the names woorara or woorari, wourali, ourari, and urari. The drug 
varies greatly^ owing to the fact that different tribes prepare it from 
different species, not only of Strychnos, but of other plants. The 
extract of the bark of Strychnos toxijera is probably the most important 
ingredient of curare, although the barks of S. Castelncca, S, Gubleri, 
and S. Crevauxii have also been known to be used. 

Curare formerly occurred as a thick syrupy extract, but as now 
occurring in commerce, it forms a brown or black brittle amorphous 
mass, resembling catechu in appearance, having no odour but an 
intensely bitter taste. It is intensely poisonous and should be handled 
cautiously, care being taken to avoid bringing it in contact with a cut 
or scratch, as its poisonous properties are manifested particularly 
when introduced directly into the blood-stream. By mouth it is much 
less poisonous, owing to its rapid excretion and the destructive action 
of the gastric juice. 

Curare exercises both a paralysing and tetanising action, but it 
appears to owe its chief poisonous properties to its action on the nerves 
of motion, which it paralyses, so that an animal under its influence 
dies of suffocation from paralysis of the muscles of the chest. Hence 
its physiological effects closely resemble those produced by methyl- 
strychnine. According to J. Tillie, when the difficulties besetting tlie 

» Some tribes also mix with the vegetable extracts certain poisonous animal products, 
such as different varieties of poisonous ants and the fangs of certain snakai. 
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examination of the action of curare on the spinal cord are avoided, 
curare produces tetanus just like strychnine. 

Curare appears not to act as a poison when taken into the stomach, 
but when employed as a hypodermic injection 0.015 grain has been 
found fatal to a rabbit, and 0.004 grain to a frog. If, after administra- 
tion of curare, life be maintained by artificial respiration, symptoms 
of diabetes tnellilus are observed, and the urine is found to contain sugar. 

Curare is used in medicine in the form of a hypodermic injection 
for the treatment of hydrophobia, tetanus, and strychnine poisoning. 
Its use should be attended by great caution because of the danger of 
inducing paralysis of the motor nerve-endings which control respiration. 

Commercial curare varies much in physical properties as well as in 
strength, according to the source. The 3 principal varieties are known 
by the contamers into which they are probably poured, in the form of 
soft extracts, by the natives, and allowed to harden. These are bam- 
boo or tubo-curare, occurring in bamboo stems; gourd or calabassen- 
curare, in gourds; and pot or topf-curare, in small, crude, unbaked, 
earthenware pots. Usually, from 70 to 90% is soluble in warm water, 
although the water-soluble content is sometimes much reduced by the 
presence of inorganic constituents such as calcium carbonate and 
phosphate. A somewhat smaller proportion is dissolved by dilute 
alcohol, while ether and chloroform exert but slight solvent action on it. 
The solutions vary in reaction, being sometimes neutral, sometimes 
slightly alkaline, and sometimes strongly acid. 

I. Bamboo Curare. — The variety wteh to-day is the one most 
commonly found in commerce is the bamboo or tubo-curare which 
comes from Brazil. Bamboo curare is about 85% soluble in water 
and contains 2 well defined active principles, the intensely poisonous 
alkaloid curarine, or more properly tubocurarine^ and the less poisonous 
alkaloid curine. 

Curine, CigHjaNOs, may be obtained from the aqueous solution 
or extract of tubocurare by precipitation with slight excess of ammonia, 
and purifying the impure precipitate by successively treating it with 
ether, benzene, and methyl alcohol. The solution in ether leaves on 
evaporation a yellowish residue, which, on boiling with benzene and 
setting aside in a cool place, deposits crystals of curine containing ben- 
zene, in the form of thick rhombic plates. On recrystallising from 
hot methyl alcohol, pure curine is obtained in the form of colourless 
crystals, m. p. 212®. Tubocurare yields from 11 to 14% or curine. 
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Curine is insoluble in water, but is soluble in chloroform and in 
solutions of the alkali hydroxides. Solutions of curine in weak acids 
are laivogyrate, and differ from strychnine and from tubocurarine in 
having a sweetish taste instead of an intensely bitter one. Curine 
solutions give a voluminous white precipitate with metaphosphoric 
aicd. With concentrated sulphuric acid, pure curine produces no 
colour; when the solution is treated with potassium dichromate, a 
blackish colouration results. 

Curine, unlike curarine, does not act on the motor nerves and is 
much less poisonous, but when injected hypodermically acts as a 
paralysant on the heart. 

Tubocurarine, CigHjjO^N.OH, is obtained from the solution 
from which the curine has been precipitated, by treating the concen- 
trated liquid with alcoholic solution of mercuric chloride, suspending 
the resulting yellow precipitate in alcohol, decomposing it by means of 
hydrogen sulphide gas, and precipitating the hydrochloric acid salt 
from the filtrate by means of ether. Tubocurarine hydrochloride 
forms an amorphous yellowish-red powder, soluble in water and alcohol 
to an acid reacting, intensely bitter and poisonous solution. This 
salt is the commercial so-called “Curarine” on the market to-day. 
T he free base occurs as a reddish-brown syrupy liquid and is easily 
decomposed. It reacts much like curine, but differs from the latter 
in producing a yellowish instead of a white precipitate with meta- 
phosphoric acid. 

II. Gourd or calabassen-curare was formerly the principal variety 
on the market but has to-day practically disappeared from commerce. 
Gourd curare came from Venezuela and was probably prepared 
chiefly from Slrychnos toxifera. It was soluble to a slighter extent in 
water than the bamboo curare, and contained as its principal active 
constituent the extremely poisonous curarine, differing somewhat from 
the tubocurarine of bamboo curare. 


Curarine, CjgHjjONj.OH, is obtained from the aqueous extract 
of gourd curare in much the same manner as tubocurarine is prepared 
from tubo-curare — platinic chloride being used, however, instead of 
mercuric chloride. Curarine hydrochloride forms an amorphous 
reddish mass, soluble in water and alcohol, but insoluble in ether and 
chloroform. It is intensely bitter and much more poisonous than 
tubocurarine. 


Curarine differs from curine and tubocurarine as well as from strych- 
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nine, in dissolving in concentrated sulphuric acid directly with the 
formation of a bluish-violet colour. Curarinc further differs from 
str>'chnine in that it forms only an amorphaus chromate, which re mams 
so even after dissolving in boiling water and re-depositing on cooling. 
If the precipitate of curarinc be kept for some time it decomposes, but 
if treated without delay with concentrated sulphuric acid it develops 
a magnificent blue colour, which is often violet in the presence of 
impurities. The reaction simulates that obtained in a similar manner 
with strychnine, but curarine can be separated from strychnine by 
rendering the cold solution alkaline with ammonia, and then filtering. 
Strychnine will be found m the precipitate, while the curarine will 
remain in the liquid, owing to its solubility in water. The filtrate may 
be agitated with chloroform or benzene to remove any trace of strych- 
nine, the aqueous liquid concentrated and the curarine converted into 
chromate and tested further, as already described. 

III. Pot curare, which is prepared from Strychnos Castelmra on 
the upper Amazon, varies grealty in composition and activity. It con- 
tains, besides curine, the alkaloids protocurine, protocuridine, and 
protocurarine, only the last mentioned of which is important, being 
even more poisonous than curarine. Its formula is C,gH 24 02N0H, 
and, although it gives a brown colour with concentrated sulphuric 
acid which is changed to violet by potassium dichromate, it may 
be distinguished from strychnine by its failure to form characteristic 
crystals or crystalline salts. 




CINCHONA ALKALOIDS. 


By OLIVER CHICK. 

Cinchona Barks. French, Ecorces de Quinquina. German, China- 
rindcn. 

The bark of various species of Cinchona, which, with about 30 other 
allied genera, constitute the tribe Cinchonecc (order, Rnhiacea), have 
been long known for their antifebrile properties. These properties 
are chielly due to the extraordinary number of closely analogous 
alkaloids contained therein, which exist chielly, though not wholly, 
in the bark of the trees, and which are absent from all the allied genera, 
e.xccpt certain species of Remijia. 

Nearly 40 species of cinchona have been described, many of which 
can only be discriminated with great difficulty. The cinchonas form 
a very intricate genus, one series running into another through a scries 
of intermediate forms, the number of which is limited to some e.xtent 
in their native country’ by the fact that particular species are practically 
confined to certain districts and elevations. 

Only some 7 distinct species of cinchona yield bark of any practical 
importance. These arc: 

d. Pale or crown bark, yielded by Cinchona officinalis (Peru) and 
allied species. It occurs in quills, with a rough, blackish-bro\Mi or 
dark grey surface. It should contain about 5% of alkaloids, of which 
3 - 5 % is quinine. 

b- Yellow or calisaya bark, with its variety Calisaya Ledgcriana, 
IS the richest of all the cinchona barks. It now usually occurs in firm, 
hard quills, which bear well-marked longitudinal and transverse 
cracks. It was formerly met with in flattened pieces known as ‘‘flat 
yellow bark.” 

c. Red bark, from C. rubra and C. succirubra, is distinguished 
ijy the red colour of the sap and mature bark. It is extensively culti- 
^^ted in India, and is remarkable for the large proportion of cinchon- 
idine contained in it. (For analyses, see page 485 et seq. 
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d. Pitayo bark, from C. Pitaycnsis^ is imported in short, browiv 
ish, curly pieces, rich in quinine and quinidine. 

e. Columbian and Carthagena barks, from C. luciimi/olia and 
lanci/olia, are imported in soft quills or broken pieces of very variable 
quality. The best qualities contain 2% to 3% of quinine, the inferior 
qualities contain about of alkaloids, of which very little is <iiiiniiie. 

/. Ledger bark, from Cinchona LedgcYiana, is the richest in 
quinine of all cinchona barks, and is of the greatest commercial 
importance. 

g. Cuprea bark, yielded by Remijia pedunculala, is not a true 
cinchona bark, and is the only known species of any other genus which 
yields quinine, though the allied alkaloid cinchonamine (page q;) 
has been found in R. Piirdieana. Cuprea bark is peculiar in contain- 
ing the interesting alkaloid cupreine^ 548). 

A concise description of the chief kinds of cinchona bark, with their 
distinguishing characteristics, has been published by W. Klborne 
{Pharm. 1883 [Hi], 14, 653). 

The British Pharmacopma of 1898 gives the following as the char- 
acters of official (red) cinchona bark, from Cinchona succirubra: 

“ In quills, or more or less incurved pieces coated with the periderm, 
and varying in length from 2 inches to a foot (5 to 30 cm.) or more, the 
bark itself from about one-tenth to a quarter of an inch (2.5 to 6 mm.) 
thick, or rarely more; outer surface brownish or reddish-brown in 
colour, more or less rough from longitudinal ridges which are most 
apparent in a branch bark, with numerous warts often running into 
lines in the larger pieces; in some varieties marked with numerous 
transverse cracks which have not thickened edges; inner surface brick- 
red or deep reddish-brown, irregularly and coarsely striated; fracture 
shortly tibrous in the smaller, and finely fibrous in the larger, pieces; 
powder brownish or reddish-brown; no marked odour; taste bitter 
and somewhat astringent.” 

The characters which conventionally determine the market-value of 
“druggists’ quills” arc often very fallacious, and have no relation to 
the real quality of the bark. A silvery coaling on the epidermis of 
the bark is one of the points to which a factitious importance is attached, 

* 

> Formerly, the cinchona trees were invariably cut down and the bark stripped 
dned »n the sun or on hurdles over a fire. A K^catly improved plan is to make lon«itiiili"‘‘ 
incisions in the bark of the growinK tree, remove alxjut half the bark, loavinK the reniain k 
intact, ami cover the stem with moss. Fresh bark is then formed very rariidly, an- th s 
rwewed bark not only contains a larger percentage of total alkaloids than the original, 
toe alkaloids contain a very much larger proportion of quinine. 
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and renewed bark, though richer in alkaloid than natural, does not 
sell readily for druggists’ purposes owing to the absence of the above 
characters, though it is readily bought by quinine manufacturers. 

A specimen supposed to be one of cinchona bark can be readily 
identified as such by heating a small quantity in a test-tube, when a 
carmine^red or purple tar will be produced if the sample contain any 
of the cinchona alkaloids. Some kinds of cinchona bark are occasion- 
ally wholly destitute of alkaloids, and such do not give this indication, 
as it is produced only when a cinchona base is heated with w’oody fibre. 

Composition of Cinchona Barks. 

Cinchona barks contain, in addition to woody fibre, starch, gum, 
and mineral matters: the characteristic alkaloids; quinovin, and 
cinchona-red; cinchotannic, quinovic, quinic and oxalic acids; colour- 
ing-matters; wax, fat, and traces of volatile oil.^ 

Water extracts only a portion of the alkaloidal constituents of 
cinchona bark, and a hot infusion becomes turbid on cooling from 
the separation of sparingly soluble cinchotannates of the alkaloids. 
The solution obtained by treating cinchona bark with acidified water 
gives a white precipitate with tannin, a whitish precipitate with 
alkali hydroxides and a yellow crystalline precipitate with platinic 
chloride. Either of these precipitates yields the characteristic odour 
of quinoline when subjected to dry distillation. 

The ash of cinchona barks from South American sources was 
found by Carles to contain a sensible amount of copper ^ but this metal 
was not detected by D. Hooper in the bark from trees cultivated in 
India {Pharm. J., 1886 [m], 17, 545), though in other respects the 
general results are in agreement. The average total ash from upward 
of 300 specimens of Indian bark was found by Hooper to exceed 3%. 
Renewed and old natural barks contain less, but the proportion never 
falls below 2%. Young and branch barks give as much as 4% of ash, 
and the leaves from 5 to 6%. From 24 to 27% of the ash is soluble 
in water, and an additional 67 to 70% in acid, leaving 5 to 6 % of 
silica insoluble. 

The British Pharmaceutical Codex states that red cinchona bark 
‘should not yield more than 5% of ash on incineration.’^ 

of the constituenU of cinchona barks has been given by B. L^ger in ‘*Z>r 
d 4 s Quinquinas, 1896, pp. 7-9. 

VOL. VI.-31 
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Quinovin, or chinovin, is an indifferent substance analogous to the 
glucosides which appears to be a constant constituent of the cinchonas, 
but in a proportion seldom exceeding 2%. It is dissolved on treating 
the bark with weak sodium hydroxide, and on adding hydrochloric 
acid to the solution is precipitated in admixture with quinovic acid and 
cinchona-red. Treatment with milk of lime dissolves the quino\in 
and quinovic acid, which are reprecipitated by an acid and separated 
by treatment ^vith chloroform, which dissolves the quinovin only. 

By boiling with dilute sulphuric acid for some time quinovin under- 
goes complete decomposition into quinovic acid and quinovose, a 
sugar isomeric with rhamnose. Two modiffcations of quinovin exist, 
a-quinovin and /?-quinovin. They have been studied by Liebcrniann 
and Giescl {Ber., 1883, 16, 926; Pharm. /., 1883 [Hi], 14, 987). 

Quinovic acid, constantly present in cinchona barks 

in small proportion, and forms a snow-white powder of tasteless 
needles or scales, quite insoluble in water, ether, or chloroform, iind 
only very sparingly soluble in boiling alcohol or glacial acetic acid. 
It is best dissolved by adding ammonia to the alcohol, and may be 
rcprecipitated by acetic acid. Quinovic acid decomposes carbonates, 
and is soluble in ammonia and solutions of the alkali hydroxides and 
earths, the solutions frothing like soap. The ammonium and calcium 
salts ciy'stallisc from alcohol in needles; the former salt losing its 
ammonia by exposure to air, or on boiling its solution. On adding an 
acid to an alkaline solution of quinovic acid, a hydrate of quinovic 
acid is thrown down as a very voluminous jelly, the whole contents 
of the vessel solidifying. In this form quinovic acid is very soluble m 
ether and alcohol, h'rom the solution, the insoluble form of the a( id 
separates in needles on standing. Quinovic acid gives with copper 
sulphate first a green colour and then a precipitate, and the latter, 
when washed, has a bitter metallic taste. When heated to about 300 , 
quinovic acid yields pyroquinovic acid, carbon dioxide, and secondary 
products. 

Cinchotannin or cinchotannic acid, CiJIi^Og, is a glucoside 
which is an important constituent of cinchona barks, in which it exists 
in the proportion of 3 to It is precipitated as a lead salt by the 

addition of lead acetate to a decoction of bark previously treated wiih 
magnesia to separate colouring-matter. The yellow precipitate when 
decomposed by hydrogen sulphide gives a solution of cinchotannic 
acid. It is a yellow, amorphous, very hygroscopic substance, very 
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soluble in water, alcohol, and ether; gives a green colour with ferric 
chloride; is precipitated by starch, albumin, gelatin, and tartar-emetic; 
is hydrolysed by dilute acids into glucose and cinchona-red; gives 
protocatcchuic and acetic acids on fusion with potassium hydroxide; 
yields pyrocatechol on dry distillation; and is readily decomposed in 
presence of excess of alkalies, with formation of cinchona-red. The 
cinchotannates of the alkaloids existing naturally in cinchona bark 
arc difficultly soluble in water, but dissolve readily in acidified water— 
probably with decompo.sition. 

Cinchona-red or cinchofulvic acid, is the natural 

colouring- matter of red cinchona barks in which it is present sometimes 
to the extent of 10%, and from which it is extracted by treatment with 
alkalies. It is insoluble in water or ether, but sparingly soluble in 
alcohol. It is reprecipitated from its alkaline solution by hydrochloric 
acid. The solution also yields a red precipitate with barium chloiide. 
It^yields protocatcchuic acid, €711304, on fusion with potassium 
hydroxide. Tschirch {Woch. /. Chem. u. Pharm., 1905, 43, 125) 
suggests that cinchona-red is formed by the action of an enzyme on a 
glucotannoid. 

Quinic acid, or kinic acid, €711,206, occurs in cinchona bark to 
the extent of 5 to It is prepared from the bark by boiling a 
quantity of the finely pow^dered material with dilute sulphuric acid. 
The liquid is filtered while hot, and to the filtrate freshly precipitated 
lead oxide is gradually added, until the liquid becomes neutral, and 
exhibits no longer a red but a pale yellow colour. If too little oxide 
be added, colouring matter remains in solution; if too much, basic 
lead quinate is thrown down. The filtrate is freed from lead by 
hydrogen sulphide, and filtered; calcium hydroxide is then added to 
precipitate the alkaloids, which are filtered off, the quinic acid in the 
filtrate being precipitated with basic lead acetate.. The tvashed pre- 
cipitate is suspended in water, and decomposed by hydrogen sulphide. 
The filtered liquid is evaporated to a syrup, which yields on cooling a 
crystalline mass of quinic acid. It crystallises in monoclinic prisms, 
m. p. 161.6°. It has a strong and purely acid taste, and is soluble in 
2.5 parts of water, 35 parts of alcohol, and is almost insoluble in ether. 
Its solutions are Isevorotator}'. On dry distillation it yields quinol, 
phenol, benzene, benzoic acid, and salicyl-aldehyde. When distilled 
'vith manganese dioxide and sulphuric acid, or when its salts are 
fieated, quinone, C6H4O3, is obtained, which deposits in deep yellow 
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prisms on the cooler part of the apparatus. This reaction was pro- ‘ 
posed by Stenhouse as a test for true cinchona bark, but some false 
barks have been found to give the test. 

The alkaloids are the most important constituents of cinchona 
barks, in which they exist in the form of cinchotannates and quinates. 

The proportions of total alkaloids, as also the percentage of quinine, 
are extremely variable (see Pharm, J.y 1883 [Hi], 14, 444, 445, 458, 
797, 810; 1884 [iiil 15, 41 1, 453, 480), and chemical analysis is the 
only means of forming an opinion as to the richness of a specimen of 
bark. The highest yield of total alkaloid known is about 15%, and 
even at the present time barks containing less than 2% of total alka- 
loid come into the market. In eighty specimens of Calisaya Ledgerijm, 
from Java, Moens in 1879 fotmd from 12.50 to 1.09% of total alkaloids, 
the quinine ranging from 1 1.6 to 0.8%. In the early days of cincliona 
cultivation 5% of total alkaloids was considered very high, but at the 
present time 10% of alkaloids is frequently found (D. Howard, * 7 . 
Soc. Chem. Ind,y 1906, 25, 97-^9). In the same species of cinchona, 
the natural bark, mossed bark, and renewed bark contain very dilTcrcnt 
percentages of quinine, the last being usually the richest; besides which 
the external conditions under which the trees are grown largely affect 
the relative and absolute proportions of the alkaloids in the bark. 

Quinine and cmchonine are the cinchona alkaloids of the most 
frequent occurrence. Cinchonidine is hardly less common, and it 
occurs very largely in Indian-red bark. Quinidine is not ver>^ frequent, 
and is never present in large amount. 

D. Howard has given analyses of barks from cultivated cinchona 
trees grown near Bagota, United States of Columbia (New Granada), 
and their characters have been described by E. M. Holmes {Phann. 
J,y 1891 [m], 22, 875). 

Analyses of a number of cinchona barks from Madras have been 
published by B. H. Paul {Pharm. 7 ., 1883 [m], 14, 666). D. Hooper 
gives the following as the percentage proportions of alkaloids m 
barks from trees grown on the plantations of the Madras Government: 
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Hooper (Year-book Phartn.f 1888, pages 430-43^) gives the following 
as the average centesimal composition of the alkaloids from numerous 
species of the alx>ve barks: 



Red barks* 

Crown barks 

Hybrid barks 


33.3 

1 55. 9 

41.3 

Cinchonidine 

36.1 

i 26.7 

40.9 



'-s 

0.5 

Cinchonine 

30.9 

1 8.0 ! 

9.7 

Amorphous alkaloids 

10.8 

1 7.9 

! 

Total 

100.0 

i 100.0 

i 100.0 


' Citichona robusta it a hybrid or cross between C. suen^a and C. 

AnRUca betwe^C\ /Iccifiira and C. talisaya (W. T. ThiscUon Dyer. P/wrm. J.. 1884 

"' Td' itild total alkaloid. o( red bark have been IntioduMd ""i'ohd; 

tme of •’Ouinetum." This preparation ts completely soluble m warm, u’ 

I urrr, 1 ‘ - . _ _ 1 ‘ -1 acid shou d cive s clcar solution, I\mcn, 


society for the Advancement ot t'naonacy, rnurm. j., .o«a , 
sulphate*' occun in commerce in a perfecUy cryitaUised form. 
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Assay of Cinchona Barks. 

The complete assay of the various species of cinchona bark, with 
the view of ascertaining the proportion of the different alkaloids 
contained in them, is a process at once important and difficult. A 
great many methods have been proposed which in practised hands 
yield good results, but it is most difficult to give such a description that 
a chemist can get accurate results without much practise. Again, a 
process which is suitable when quinine is the chief alkaloid present 
becomes difficult of application when the cinchonidine is in excess. 

In choosing a process of assaying cinchona bark, due consideration 
should be given to the kind of information required. Thus, a pharma- 
cist desiring to know the alkaloidal strength of his bark will require a 
less accurate and elaborate process than a manufacturer buying bark 
for the extraction of quinine. Again, in some cases it is sufficient to 
estimate the percentage of total alkaloids, while in others it is very 
important to ascertain the proportion of crystallised sulphate of quinine 
which the bark is capable of yielding. On this account, it is desirable 
to discuss the estimation of the total alkaloids and of Ihc actual quinine 
separately. 

a. The British Pharmacopceia of 1898 prescribes the following 
standard of quality and method of assaying ‘ red cinchona bark: 

“Test, — When used for purposes other than that of obtaining the 
alkaloids or their salts, it should yield between 5 and 6% of total 
alkaloids, of which not less than half shall consist of quinine and cin- 
chonidine,’ as estimated by the following methods: 

“Mix 20 grm. of red cinchona bark, in No. 60 powder, with 6 grm. 
of calcium hydroxide; slightly moisten the powder with 20 c.c. of water, 
mix the whole intimately in a small porcelain dish or mortar, allow the 
mixture to stand for an hour or two, when it will present the characters 
of a moist, dark brown powder, in which there should be no lumps or 
visible white particles. Transfer this powder to a suitable flask fitted 
with a small reflux condenser, add 130 c.c. of benzolated amyl 

^ Based on a method devised by B. R. Squibb {Ephtnuris, t, 106). . 

* This is not a very exacting requirement. Unlortunately no indication is given of tne 
proportion of actual quinine which should be present. The editors (British Fharmacopii’ta) 
omit to recognise red bark in shavings, the most common form in which it is met 
commerce, and notwithstanding that the shavings are often much superior, as regards tnc 
amount o; quinine, to other forma. This together with the establishM prejudice as to tne 
appearance of quills tends to favour the use of natural rather than the richer renewed ; 
the general effect is to promote the use of the least valuable kinds of bark forpharmaceutu .h 

g urppses. In the present Pharmacopoeia definition, the quinine standard ot cinchona bar 
rMuced much below that of the 1867 edition, and only corresponds to a content of aoou 
1% of quinine. 
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alcohol,^ boil them together for about half an hour, decant the liquid 
on to a filter, leaving the powder in the fjask; add more of benzolated 
amyl alcohol to the powder, and boil and decant as before; repeat 
this operation a third time, then turn the contents of the flask on to the 
filter, and wash by percolation with more of the benzolated amyl 
alcohol until the bark is exhausted. Introduce the collected filtrate 
while still warm into a stoppered glass separator, add to it 2 c.c. of 
diluted hydrochloric acid, mixed with 12 c.c. of water; shake them 
well together, and when the acid liquid has separated this may be 
drawn off, and the process repeated with distilled water slightly 
acidified with hydrochloric acid, until the whole of. the alkaloids have 
been removed. The liquid should then while warm be carefully 
and exactly Tieutralised with solution of ammonia, and concentrated 
to the bulk of i6 c.c. If now about 1.5 grm. of sodium potassium 
tartrate, dissolved in twice its weight of water, be added to the solution, 
and the mixture stirred with a glass rod, insoluble tartrates of quinine 
and cinchonidine will separate completely in about art hour, and these 
collected on a filter, washed, and dried in a water-oven, will contam 
0.8 of their weight of the alkaloids, quinine and cinchonidine, which, 
multiplied by 5, gives the weight of those alkaloids present in 100 grm. 
of the bark. To the mother-liquor from the preceding process add 
solution of ammonia in slight excess. Collect, wash, and dry the 
precipitate,^ which will contain the other alkaloids. The weight of 
this precipitate, multiplied by 5, and added to the percentage weight 
of the quinine and cinchonidine, gives the percentage of total 
alkaloids, 

b. The following method of estimating the total alkaloids, and 
ether-soluble alkaloids, of cinchona bark is that of the United SlO’tes 
Pharmacopoeia of 1900, and with slight modifications is that of the 
German Pharmacopeia of 1900, and the Japanese Pharmacopeia of 
1907. The estimation is carried out on 15 grm. of bark in No. 80 
powder dried at 100®. 

“Introduce the cinchona into an Erlenmeyer flask or bottle of about 
200 c.c. capacity, and add a mixture of 125 c.c. of ether and 25 c.c. of 
chloroform; then insert the stopper securely, shake the flask vigorously, 
and allow it to stand for 10 minutes. Then add 10 c.c. of ammonia 
water, and allow it to stand for 5 hours, shaking at frequent intervals. 

1 Prepared by mixing 3 volumes of bensene with i of amyl alcohol. 

It woxild be better to extract the alkaloids with chloroform. 
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Next add 15 c.c. of distilled water, shake the flask vigorously, and 
allow it to stand for a few minutes, so as to cause the powder to settle 
readily. When the supernatant liquid is quite clear, decant into a 
measuring flask or cylinder exactly 100 c.c. of the supernatant liquid 
(representing 10 grm. of cinchona), transfer this to a separator and 
add 15 c.c. of normal sulphuric acid, or sufheient to make the liquid 
distinctly acid. Shake the separator vigorously for i minute, and 
allow the 2 layers of liquid to separate completely. Draw off the 
lower aqueous layer into a flask Then add 5 c.c. of normal sulphuric 
acid and 5 c.c. of distilled water to the separator and shake it vigorously 
for about i minute, allow the liquids to separate as before, and again 
draw off the lower aqueous layer into the flask. Repeat the operation, 
using 5 c.c. of distilled water in the separator (without acid), drawing 
off the aqueous liquid into the flask. Filter the combined acid liquids 
into a measuring cylinder, and wash the filter and flask with enough 
distilled water to make the contents of the cylinder measure exactly 
50 c.c. Pour haif (25 c.c.) of the acid liquid into a separator marked 
No. I, and the remaining half (25 c.c.) into another separator marked 
No. 2, which set aside. 

“I. For Anhydrous Cinchona Alkaloids. — To separator No. i 
add 25 c.c. of a mixture of chloroform 3 vols. and ether i vol., also 5 c.c. 
of ammonia water, or sufficient to render the liquid alkaline. Insert 
the stopper and shake the separator carefully for i minute, and then 
draw off the lower layer into a tared flask or beaker. Add 20 c.c. 
more of the chloroform-ether mixture to the separator, insert the 
stopp)er, and shake the liquid carefully for i minute, again drawing 
off the lower layer into the tared flask. Repeat the operation with 
10 c.c. of chloroform, and draw this off into the tared flask. Evaporate 
the chloroform-ether solutions in the tared flask or beaker slowly and 
carefully to dryness on a water-bath. Add 3 c.c. of ether to the dry 
residue, and again evaporate to dryness. Then place the flask or 
beaker in an air-bath and heat at no® until the weight after cooling 
remains constant. This weight in grm. multiplied by 20 will give the 
percentage of anhydrous cinchona alkaloids (total alkaloids) in the 
cinchona. 

“II. For Ether-soluble Alkaloids. — To separator No. 2, containing 
the other 25 c.c. of acid liquid, add 25 c.c. of ether and 5 c.c. of ammonia 
water, or sufficient to render the liquid alkaline. The temperature 
of the liquid should be kept below 20°, by cooling it, if necessary. 
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Shake the separator moderately for 2 minutes, and allow the liquid to 
stand for 10 minutes at 15®; after the liquids have separated, draw off 
and reject the lower aqueous layer and transfer the ethereal liquid to 
a tared beaker. Add 5 c.c. more of ether to the separator, rinse care- 
fully and add the rinsings to the tared beaker. Evaporate the ether 
carefully by the aid of a -water-bath, dry the beaker and contents in an 
air-bath at 110° for 2 hours, cool, and weigh. This weight in grm. 
multiplied by 20 gives the percentage of the anhydrous ether-soluble 
alkaloids contained in the cinchona. Note. — Ether-soluble alkaloids 
include quinine, quinidine, and cinchonidine.” 

Other methods for the estimation of the total alkaloids still in use 
by a few quinologists are the following: 

c. That proposed by J. E. De Vrij, and adopted as the official method 
of the United States Pharmacopeia of 1887. It depends upon treat- 
ment of the powdered bark with quick-lime and water, the dried 
mixture being extracted with alcohol. The alcohol extract is acidified 
with sulphuric acid and the alcohol evaporated off. The acid liquid 
is made alkaline with sodium hydroxide and extracted with chloroform. 

d. The method of Prollius {Arch. Pharm.y 1881, 219, 85; 1882, 220, 
350), adopted by the German Pharmacopeia of 1882. The dry and 
powdered bark is extracted with a mixture of ether, alcohol and 
ammonia, from which extract the alkaloids are washed out with dilute 
hydrochloric acid, precipitated with sodium hydroxide, and extracted 
with chloroform. 

e. The method of Hager, the accuracy of which was confirmed by 
0 . Medin {Zeitsch. anal. Chem.y 1870, 8, 477; 1872, ii, 447). The 
dry powdered bark is boiled with potassium hydroxide solution (sp. gr. 
1-35), then dilute sulphuric acid (sp.gr. 1.115) is added, and the whole 
boiled again. The residue is then allowed to settle, an aliquot portion 
of the liquid filtered, and the alkaloids contained therem precipitated 
as picrates with a cold, saturated, aqueous solution of picric acid. 

A review of the various methods suggested for the estimation of 
fluinine in barks, and in mixtures of cinchona alkaloids, has been given 
by Waldemar Hill, Arch. Pharm.y 1903, 241, 54-110. 

f^he following method is described by C. Zebel (Chem. Zeit., 1891, 
735) for the commercial extraction of the bark: 

“I'he finely-powdered bark is ground to a thin paste with lime, sodium 
hydroxide, or sodium carbonate, and extracted with warm paraffin oil. 
standing the oil separates, when it is run off and shaken with 
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sulphuric acid; this solution is boiled, and while boiling is neutraliser] 
with sodium carbonate and allowed to cool. Quinine sulphate crys- 
tallises out on cooling, while cinchonidine, cinchonine, and quinidine 
remain in solution as sulphates. The quinine sulphate is purified by 
recrystallisation after treatment with animal charcoal. The mother- 
liquor containing the other alkaloids is treated with sodium hydroxide 
and extracted with weak alcohol. Of the 3 bases precipitated by the 
alkali, quinidine and cinchonidine are dissolved by the spirit, while 
cinchonine is left behind; the 2 former can then be separated by means 
of their neutral tartrates, tliat of quinidine being considerably the more 
soluble.” 

Chemically pure quinine is manufactured by preparing the acid 
sulphate, which after undergoing sufficient purification is reconverted 
into the neutral salt. 

Separation of Cinchona Bases. 

The separation of the alkaloids of cinchona and allied barks is an 
extremely complex operation, and as respects the rarer alkaloids outside 
the scope of this work. But the accurate separation even of the 
commoner alkaloids, such as is frequently required for commercial 
purposes, is very difficult, and its accurate performance presents 
special obstacles to an inexperienced analyst. In some cases it is 
sufficient to estimate the proportion of crystallisable quinine, but in 
other cases it is necessary to estimate also the cinchonine, cinchonidine, 
and occasionally the quinidine, quinamine, and amorphous alkaloids. 
For the separation of quinine from the admixed alkaloids, ether h 
usually employed, but the separation effected by this solvent is not an 
absolute one, all the free cinchona ba.ses being more or less solulde in 
ether, especially in the presence of quinine. The anhydrous sulphates 
of quinine and cinchonidine are almost insoluble in chloroform free 
from alcohol (see page 487), but in presence of sulphate of cinchonine 
or quinidine sensible quantities pass into solution. Crystallisation of 
the quinine sulphate from water affords a simple and fairly accurate 
mode of separation, which has the advantage of being similar to tin- 
process employed by the manufacturer, and hence is regarded by 
many as furnishing the best proof of the yield likely to be obtained in 
practice. The following method of separating the quinine in the form 
of sulphate is described by J. Muter {Analyst, 1880, 5, 223): 
the total alkaloids, or the ether-residue from 20 grm. of bark, n'th 
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warm distilled water slightly acidified with dilute sulphuric acid, till 
the mixture is perceptibly acid. Add water to make 70 c.c. for each 
I grm. of alkaloids taken, and then heat and add very dilute sodium 
hydroxide with constant stirring till the liquid is exactly neutral, with 
a faint tendency to acidity. Digest the liquid at 85° for 5 minutes; 
then cool, and leave at 15° for i hour. Filter the liquid through a 
small double filter (2 3/4 in. diam.), the 2 filters being previously 
trimmed to equal weight, and receive the filtrate in a graduated cylinder. 
Wash carefully with water at 15° till the filtrate and washings measure 
90 c.c. for each i grm. of the mixed alkaloids. The filter and contents 
are now completely dried at 100° and weighed, the second filter being 
used as a counterpoise. To the weight in grm. add .000817 for 
each c.c. of filtrate and washings. The sum divided by 0.855 gives 
the corresponding amount of cry’stalli.sed sulphate, and this number 
multiplied by 5 gives the crystallised quinine sulphate obtainable 
from 100 grm. of dried bark. 

The quinine sulphate so obtained is apt to contain cinchonidine 
sulphate, and should be tested for this admixture as directed on page 
522. The remaining alkaloids may be recovered from the mother- 
liquors by concentrating the liquid somewhat, adding sodium hydrox- 
ide in excess, and agitating with chloroform. On evaporating the 
chloroform, the bases will be obtained in a solid state, and may be 
separated as described on page 493. 

The following scheme for the separation of the principal cinchona 
bases is founded on a method described by De Vrij {Pharm. 7 ., 1871 
[fri], 2, 642) . The process requires a considerable weight of alkaloids, 
and does not yield strictly accurate results. Traces of quinidine and 
cinchonidine are dissolved by the ether, and are only recovered on 
treatment of the amorphous alkaloids with a limited quantity of ether 
as directed.^ 

In presence of much quinine the solubility of cinchonidine in ether 
is notably increased. 

d’he precipitation of the quinine as herepathite cannot be recom- 
nicndcd, as the ‘presence of cinchonidine, which is always obtained in 
notable quantity in the ethereal solution B, invalidates the result 
1881 [Hi], 12, 441, iot6; 1885, 16, 205; 1886, 17, 654). 
^loreover, in practice it is found difficult to free the crystallised here- 

fnp wtubility of the cinchona bases in ether at 15* is given by A. B. Prescott as being; 
arn ^==>5: quinidine, 1:10; cinchonidine. i;i88; and lor cinchonine. Ihe 

^rphous cinchona all^oias are readily soluble in ether. 



(De Vrij.) 
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pathite from adhering iodine. To obviate this error, De Vrij proposed 
washing the crystals with a saturated solution of herepathite in 92% 
alcohol; but this introduces a new error of adhering herepathite solution. 
In precipitating quinine with an alcoholic solution of iodine, periodised 
iodosulphate of quinine is formed in part, and to avoid the error from 
this source De Vrij recommends the use as a precipitant the iodo- 
sulphate of “quinoidine,” in place of the alcoholic solution of iodine 
(Pham. 1875 [Hi], 6, 461; 1881 [m], 12, 601). The use of the 
iodosulphate of quinoldine prevents any subsequent isolation of the 
amorphous alkaloids of the bark under examination. 

Instead of converting the quinine in the ethereal solution B into 
herepathite, David Howard {Walts^ Did. Chem., 2d ed., 2, i77)agitates 
the ethereal liquid with excess of dilute sulphuric acid, and, after 
heating to boiling, adds dilute ammonia till neutral to litmus, using no 
more water than is necessary. On cooling, the quinine crystallises out 
almost entirely as sulphate, which salt is almost insoluble in a cold 
solution containing ammonium sulphate. The crystals are filtered 
off, washed with a little cold water, pressed between blotting-paper, 
and dried at 100®. 84.8 parts of the anhydrous salt represent 100 
parts of the crystallised sulphate. The product should be tested for 
cinchonidine (page 519), which may be present in small quantity. 
The alkaloids existing in the mother-liquid from the quinine sulphate 
are then recovered by concentrating the liquid somewhat, adding 
sodium hydroxide in excess, and shaking with chloroform. The bases 
are extracted from the separated chloroform by dilute acetic acid, and 
the solution treated as in A. 

The mixed alkaloids of yellow cinchona bark consists chiefly of 
quinine, and hence the portion soluble in ether represents the most 
useful constituents of the bark. Pale and red barks, on the other hand, 
contain a considerable proportion of alkaloids insoluble or sparingly 
soluble in ether. Hence the use of chloroform in the general process 
for assaying cinchona barks (see page 488). 

In some cases, the alkaloids soluble in ether are contaminated to 
a considerable extent with colouring matter. In this event, the 
following is a good method of obtaining colourless quinine sulphate: 
The ether-residue is dried thoroughly and weighed. It is then dis- 
solved in 30 c.c. of absolute alcohol, and AT/ 10 sulphuric acid cautiously 
added from a burette, till the liquid is neutral or very faintly acid to 
litmus-paper. Each c.c. is equivalent to 0.0324 grm. of anhydrous 
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alkaloids. The liquid is next evaporated nearly to dryness, and a 
volume of N/io sulphuric acid added equal to that previously 
required for neutralisation. 30 c.c. of hot water are added, and 
the liquid boiled till complete solution results. Purified animal 
charcoal is next added, in quantity equal to the weight of the ether- 
residue, the liquid heated on the water-bath for 20 minutes, liltert'd, 
and the residue washed twice with boiling water acidified with sulphuric 
acid. The filtrate is brought to a concentration of 70 c.c. for each 
I grm. of ether-residue taken, and then cautiously neutralised with 
sodium hydroxide while boiling. 

Instead of commencing the separation of the alkaloids by ether, 
Moens recommends that the neutral solution of the mixed alkaloids 
should be treated with excess of solution of potassium sodium tartrate 
(Rochelle salt), which throws down the quinine and cinchonidiiie as 
tartrates. The same procedure is adopted in the British Pharmacopa'ia 
(see page 486). The precipitated tartrates are washed with a little 
cold water, decomposed by excess of alkali, and the quinine and cin- 
chonidinc .separated by ether; the quinine dissolved being cither directly 
weighed, or, preferably, converted into sulphate and tested for cin- 
chonidine (page 519). The tartrate mother-liquor is then tested for 
cinchonine and quinidine as described on page 539. 

The following method for the separation of the cinchona bases 
in.soluble, or nearly insoluble, in ether may be applied to the re>i(lue 
left on treatment of the mi.xcd alkaloids with ether, as in J)e Vrij’s 
process (page 492). It may also be applied directly to the mi.xcd 
alkaloids extracted from a sample of bark, in which case it may be 
carried on simultaneously with Mutcr’s process for the production of 
cry stallised quinine sulphate as described on page 493. 

I’his process, with experience, gives very good results, the sum of the 
separated alkaloids frequently amounting to 99% of the mixed bases 
operated on. It is well suited for the assay of Indian barks. 'Ihc 
least .satisfactory part of the process is the separation of the cinchonine 
from the amorphous ba.ses by dilute spirit. The presence of much 
quinidine prevents the complete precipitation of the cinchonidine and 
quinine as tartrates; while the precipitate with potassium iodide, if 
tenacious or resinous instead of crystalline, contains cinchonine, 
or without quinidine. By the moderate addition of alcohol the cincho- 
nine may be kept in solution, and the quinidine obtained in a cry^^t-d' 
line state. 
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Titration of Cinchona Alkaloids. 

Many chemists have investigated the estimation of cinchona alka- 
loids by titration with various standard solutions, using different 
indicators. The general conclusion arrived at is that, although a 
great saving of time may be effected by titration methods, they do not 
compare favourably for accuracy with methods depending on the weigh- 
ing of the alkaloids. The molecular weights of the alkaloids being 
very high a small error in titration makes a large error in the amount of 
alkaloid found. Moreover, a pure neutral salt of an alkaloid gives 
an alkaline indication to some indicators, the alkalinity increasing 
with the temperature of the solutions. Tutin (Pham. J., 1909 
[iv], 29, 600) prepared a solution of quinine sulphate giving an alka- 
line indication when hot, and an acid indication when cold. For 
these reasons, gravimetric methods are preferable to volumetric 
methods where strict accuracy is required. 

Quinine sulphate of commerce, having, when anhydrous, the formula 
(C3 oH, 403N,),.H,S04, is practically neutral to brazil-wood, laemoid, 
cochineal, or haematoxylin, but is strongly alkaline to methyl-orange, 
the end-point with the last indicator corresponding to the formation of 
the readily-soluble acid sulphate of quinine, 

Hence twice the volume of standard acid will be required by a given 
weight of quinine when Methyl-Orange is employed, as when the other 
indicators are used. Phenolphthalein is useless as an indicator for 
the cinchona alkaloids, and cinchonine and cinchonidine cannot be 
accurately estimated by titration (Allen, Analyst, 1896, 21, 85-87). 

The directions in the table on page 492 can be modified with con- 
siderable saving of time by titrating the alkaloids. Thus the tartrate 
of cinchonidine is dissolved in boiling water, and the liquid titrated with 
NI20 potassium hydroxide, each i c.c. of which represents 0.0147 grm. 
of cinchonidine (or other alkaloid) precipitated as tartrate. The 
quinidine iodide, which should be washed with a little of the precipi- 
tant instead of with water, is immersed with the filter in boiling 
water, the solution then being titrated with Nj 20 potassium hydroxide. 
Each I. c.c. of the standard solution represents 0.0162 grm. of quini- 
dine precipitated as hydriodide.^ Phenolphthalein is used as indi- 
cator in these titrations as the free alkaloids have no action on phe- 

1 ThU procedure doe* not dispense with the necessity of making a correction for the 
amount of quinidine lost in the mother-liquor and washings. 
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nolphthalein, but, as stated by Allen (see above), the results obtained 
arc not accurate. 

The following is the official method of the Gennan Pharmacopceia, 
1900, for titr^mg the total alkaloids of red cinchona bark: 

To 12 grm. of the bark in fine powder, dried at 100°, add 90 grm. 
of ether, and 30 grm. of chloroform. Shake with 10 c.c. of sodium 
hydroxide solution, allow to stand for 3 hours, and then let the powder 
collect by adding 10 c.c. of water. Filter 100 grm. of the clear chloro- 
form-ether solution into a small flask, and distil off half of it. Put 
the remaining half into a separator, and wash the small flask 3 times 
with 5 c.c. of a mixture of 3 parts of ether and i part of chloroform, 
and add the washings to the separator. Shake the mixture with 25 c.c 
of iV/io hydrochloric acid, if necessary, with the addition of a little 
ether. When complete separation of the chloroform-ether takes 
place, run off the lower acid layer and filter it into a 100 c.c. flask. 
Add 10 c.c. of water, successively 3 times, to the chloroform-ether 
solution and shake, the aqueous layer being separated and filtered 
each time through the original filter -paper into the 100 c.c. flask. 
Finally wash the filter paper with water, mix the whole filtrates and 
washings, and make the mixture up to 100 c.c. with water. To 50 c.c. 
of this solution add i c.c. of alcohol in which a small piece of hsema- 
tox}’lin has been freshly dissolved, and titrate the resulting yellowish 
solution with N/10 potassium hydroxide solution. Not more than 
4-3 c.c. of the latter solution should be ruquired in order to colour it 
immediately bluish-violet. 

The above test requires the bark to contain at least 5 * 3 % 
alkaloids. In the German Pharmacopoeia of 1910 this method is modi- 
fied in a few details, and the bark is required to contain 6.5% of total 
alkaloids. J. Messner {Zeitsch. angew. Chem.^ 1903, 16, 444-450, 
468-477) recommends pure laemoid as the best indicator to use. 

J. Katz {Ber. deutsch. pharm. Ges., 1910, 20, 316-330) obtained 
good results by titrating the cinchona alkaloids in 90% alcoholic solu- 
tion with AT/ 10 alcoholic potassium hydroxide solution using Parrier's 
blue as indicated. 

C- Kippenberger (Zeitsch. anal. Chem.y 1896, 35» 422) has suggested 
the use of iV/20 iodine solution in 6-8% potassium iodide solution, 
"hich has been standardised against quinine, for the titration of the 
cinchona alkaloids. Quinine being a diacid base, its periodide is 
<^2oH3,0,Nj(HI)„I,. 

VoL. VI.— 32 
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A valuable series of experiments on the titration of alkaloids as 
existing in pharmacopoeial tinctures, in which several indicators wc re 
employed and compared, has been published by Farr and Wright 
{Pharm. 7 ., 1894 [m], 25, 124). ^ 

Engelhardt and Jones {Pharm. 7 ., 1910 [iv], 30, 236) recommend 
that the anhydrous cinchona alkaloids, obtained on extracting a sample 
of the bark, be dissolved in a mixture of equal parts of alcohol and 
ether, and, after the addition of water, titrated with N j lo acid using 
haematoxylin as indicator. They obtained good results with the four 
anhydrous alkaloids, quinine, quinidine, cinchonidine and cinchonine. 

Cinchona Alkaloids. 

Any satisfactory classification of the cinchona bases in the present 
imperfect state of our knowledge of tlieir constitution, and in some 
cases even of their empirical formukc, is manifestly impossible. 
Isomerism is common, and on slight provocation quinine and some 
others suffer polymerisation, with or without losing the elements of 
water, forming amorphous ‘^apo-” or anhydro-bases. 

Perhaps the most suggestive method of classifying the cinchona 
bases and their allies is to arrange them according to the numixr of 
atoms of oxygen in the molecule, and subdivide these cl as.ses according 
to other analogies. 

The following (pages 499, 500) is a tabular li.st of the alkaloids 
hitherto isolated from the various species of cinchona and allied barks. 
It contains the names of all the natural cinchona bases, the existence 
of which as chemical individuals has been fairly well established up 
to the present time; but it must not be supposed to include all that 
actually exist. 

As is evident from the table, isomerism is very common among the 
cinchona bases. Thus the two best-known bases are quiwiwc and cin- 
chmine. Isomerides of these bases coexist with them in the bark, and 
are called respectively quin«/m<; and cinchon«/me. 

These 4 bases are the chief crystallisablc alkaloids of cinchona barks, 
but there exist with them, or are formed in the process of manufactun , 
certain amorphous i.somerides called respectively ciamicine and cincho 
nicine. It is doubtful how far these bases pre-exist in the bark, the 
natural amorphous alkaloids l)eing probably the anhydro-derivative^ 
diquinicine and dicinchonicine, and distinct from the amor|>hoU5 
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1 Except where otherwise stated the solvent is 97% alcohol, c— 2, temp 
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products formed from the crystallisable bases by the action of heat 
or acids. 

In addition to these isomers and anhydro-derivatives of the cinchona 
bases, there exist various homologues and isologues of them. Quinine 
itself is probably a methyl-cupreine and a methoxy-cinchonine. 

Certain of the cinchona bases [e. g., cupreine) exhibit a remarkable 
tendency to form stable crystalline compounds with other of the bases. 
It is probable that the existence of these remarkable compounds, 
having different physical properties m the form of salts as well as in 
the free state, has led to the isolation and description of various bases 
which will hereafter be found to be compounds. 

The less important cinchona bases have no recognised position in 
commerce or medicine, but they are liable to be present to a greater 
or less extent in specimens of commercial alkaloids called by the better- 
known names. Commercial quinine is liable to retain traces of 
cinchonine, quinidine and hydroquinine, and generally contains 
notable proportions of cinchonidine. Hydrocinchonidine is some- 
times present in commercial cinchonidine, hydrocinchonine is usually 
present in commercial cinchonine, while quinidine contains hydro- 
quinidine and hydroquinine. Quinamine and conquinamine are 
probably not unfrequently present in commercial cinchona alkaloids. 

Constitution. 

The constitution of the cinchona bases is at present very imperfectly 
understood. Cinchonine, cinchonidine and cinchonicine have the 
same empirical formula CjjHjjON,, while quinine, quinidine and 
quinicine have the formula C2oHj40,Nj. Cinchonme and cinchoni- 
dine, quinine and quinidine are physical isomerides, their differences 
probably dei>ending upon an asymmetric carbon atom in the mole- 
cule. Cinchonicine differs from cinchonine, and quinicine from 
quinine by a molecular change of the group =N— COH into =NH— 
CO. Qumine probably differs from cinchonme by the replacement 
of a hydrogen atom by the methoxyl group, — OCH3. The cinchona 
teases known to contain hydroxyl or methoxyl groups are: 

Cinchonine and cinchonidine, CigH2,Nj(OH); 

Quinine and quinidine, C„HaoN,(OH)(OCH 8 ); 

Quinicine, C2,H,jON,(OCH,); 

Hydrocinchonine and hydrocinchonidine, Ci9H„N,(OH); 

Hydroquinine and hydroquinidine, C,9H„N,(OH)(OCH8); 
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Cupreine, Cj9H2oN3 (011)3; 

Quinamine, C 191123X2(011)2; 

Concusconine, C2jIl2303X3(0CHj)3. 

Cinchonicine is a ketone. Cupreine has been converted into quinine 
by heating it at 100°, under pressure, with metallic sodium and a 
solution of methyl chloride in methyl alcohol (Grimaux and Arnold, 
Compt. Rmd., 1891, 112 , 774 ; 114 , 672). 

The oxidation products of the cinchona bases, especially those of 
cinchonine, have been very fully studied with the view of throwing 
light on the constitution of the bases. On careful oxidation with 
permanganate, cinchonine yields formic acid, CHjOj, and cinclio- 
ienine, CjgHjoOaXj. On oxidation with chromic acid it yields 
cinckminic acid, CaHgNCOOH, and a syrupy mass containing cin- 
choloiponic acid, CgHi304X (a pipecolincdicarbo.xylic acid), loiponic 
acid, CyllijO^X (a pyridinedicarbo.xylic acid), and meroqaincnc, 
CjHjjOjX (which is cincliolaipotiic acid in which tlic group — Cll^ 
CHj takes the place of a — COOII group). The constitutional 
formukc of all these acids have been determined. Cinchoninic acid 
has been shown to be the decomposition product of one-half of the 
cinchonine molecule (CallflX.CIi,), while the otlier 3 acids are the 
products of the second half of the molecule (CyHisOIIX). 'I'he 
final products of oxidation arc cinchonic acid (a pyridinecarboxylic 
acid), and cinchomeronic acid, C5H3X(COOII)2, (a pyridinedicarl^ox- 
ylic acid). Cinchonidinc and cinchonicine yield products of oxida- 
tion similar to, or isomeric with, those of cinchonine. Cinchonine 
has been proved to contain a hydroxyl group (probably linked to the 
carbon atom next to the nitrogen), and an ethylene group, botli in the 
“second half” of the molecule. 

Quinine on oxidation with chromic acid yields quininic (Uid, 
C11H9O2X (which is p-methoxycinclioninic acid), and cincholoiponk 
acid. It is assumed therefore that quinine only differs from cinclioiuae 
by a methoxyl group in the para position in the first half of the molecule. 
Quinidine and quinicinc yield products of oxidation similar to, or 
isomeric with, those obtained from quinine. 

Cinchonine on fusion with potassium hydroxide yields, among othe r 
products, quinoline; while quinine on similar treatment yields quino- 
lidine (paramethoxyquinolinc). 

The conclusion derivable from the researches on the constituuou 
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of the cinchona bases is that they are derivatives of a hydroquinoline 
of which probably only one side is hydrogenated. The following 
formulae illustrate these deduclions: 

Quinoline, C^HyN. 

Hydroxyquinoline, Cj,H8(OH)N. 

Tetrahydroquinoline, CallioNII. 

Diquinoline, C^H^N.CgHjN. 

Diquinolyline, CgH iqN. (" gH,oN. 

Cinchonine, CgIIaX.CH,.C7JI,o(OH)(CIi=CH2)N. 

Quinine, C^ll, ( O Cll,) X. Cl . C^II (OH) (Cl I - CH^) X. 

.Although the knowledge of the constitution of the cinchona bases 
is not yet sufficiently perfect to allow of their formation from pyridine 
or quinoline, it is interesting to note that two distinct basic substances 
isomeric with quinine have been prepared synthetically. One of these 
discovered by C. A. Kohn (J.Soc. Cliem. In 4 ., 1889, 8, 959) has the con- 
stitution of an a-hydroxy-hydroethylem-quinoline^ CgH,o(OH)X.C2H4.- 
N.CgHio(OII). It w^as obtained by the action of i molecule of ethylene 
dibromidc on 2 molecules of a- i'-hydro.\y hydroquinoline, obtained by 
reducing hydroxyquinoline by tin and hydrochloric acid. It is a weak 
base, forming small glittering prisms which melt at 223*^, and are 
readily soluble in chloroform and benzene, with difficulty in hot alcohol 
and insoluble in water. It has weak antipyretic characters. 

The other sjmthctical isomer of quinine was prepared by Wallach 
and Otto (/Dwa/ew, 1891, 253, 251) by the action of ^?-naphthylamine 
on pinol nitrosochloride: 0,0117X113 + CjQll4flOXOCl = HCl 4 - 
^ 20^2103X3. The product is a basic cr>’stalline substance, m. p. 
194 195°, insoluble in water, slightly soluble in hot spirit, and readily 
soluble in ether. The solutions, both of the base and its salts, arc 
strongly fluorescent. 

An excellent surnmar)' of all the research work that has been carried 
out in order to investigate the constitution of the cinchona alkaloids, 
‘ind their decomposition and addition products, has been written by 
Comanducci {Samndung chan. u. chem, kchn. Vortrdge, 1911, i6, 
Blinde 4-7). 

General Properties of Cinchona Bases. 

The cinchona alkaloids all have well-defined basic characters, some 

them being sufficiently powerful to displace ammonia from its 
compounds. Their salts are usually crystallisable. 
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In the free state, the cinchona alkaloids are colourless or faintly yellow 
solids, often readily fusible, but not volatile without decomposition. 
Cinchonine, however, may be distilled in an atmosphere of hydrogen, 
or in vacuOy without decomposition. They are generally but slightly 
soluble in water, but dissolve more readily in alcohol, and generally 
with great facility in ether and chloroform. Such as are soluble in 
the last two liquids are removed from their ammoniacal solutions by 
agitation with ether or chloroform, but in no case will ether or chloro- 
form remove them frOm an aqueous solution acidified with sulphuric 
or hydrochloric acid. On the other hand, the anhydrous sulphates of 
many of the cinchona alkaloids are soluble in chloroform, and still 
more readily in a mixture of chloroform and absolute alcohol. This 
fact is sometimes utilised for detecting adulterations (page 525). 

The solutions of some of the cinchona alkaloids in excess of dilute 
sulphuric acid exhibit a strong blue fluorescence, which is visible even 
in very dilute liquids. This fluorescence is destroyed by adding an 
excess of sodium chloride or other haloid salt. 

The solutions of the cinchona alkaloids exert a well-marked rotatory 
action on polarised light, the rotation being in some cases right- and 
in others left-handed. The specific rotation is affected in a remarkable 
manner by the solvent employed and by the proportion of free acid 
present, which circumstances greatly reduce the practical value of the 
optical activity for the identification and quantitative estimation of the 
un mixed alkaloids. 

On adding a fixed alkali, alkaline carbonate or ammonia to the 
solution of a salt of one of the cinchona bases, the sparingly soluble 
alkaloid is usually separated in a free state, and is in some cases 
soluble in an excess of the precipitant. On agitating the alkaline liquid 
with chloroform, the precipitated alkaloid is usually dissolved, ‘ and 
may be recovered in a free state by separating the chloroform, and 
evaporating it to dryness at a steam-heat. By adding more chloro- 
form to the aqueous liquid, and repeating the agitation, the complete 
extraction of the alkaloid may be ensured, and the process made 
quantitative. Ether may be substituted for chloroform in the case of 
quinine and other alkaloids readily dissolved by it. 

The cinchona bases are tertiary amines; for when treated with an 
alkyl iodide they form additive-compounds which are converted by 

* Thii to not the case with cupreine and some other alkaloids, which form definite com- 
pounds with the fixed alkalies in the same manner as morphine. 
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treatment with oxide of silver into powerful soluble bases analogous 
to tctrethyl-ammonium hydroxide. 

Many of the cinchona alkaloids form two series of salts; neutral 
(improperly called “basic”), and acid salts. The neutral sulphates 
of the cinchona alkaloids have, when anhydrous, the general formula 
BJH2SO4. They have a neutral reaction to most indicators, but are 
strongly alkaline to Methyl-Orange, and are generally very sparingly 
soluble in water; but the corresponding acid or bisulphates (BH2SO4) 
are generally readily soluble. F rom quinine, cinchonidine and cupreine 
still more acid sulphates have been prepared of the formula B.2H2SO4. 

The sulphates of many of the cinchona bases possess the property 
of combining with iodine, the compounds produced being in some 
cases of a very complex character. Certain of these “iodosulphates,” 
of which the quinine compound or herepathite is the type, possess the 
remarkable optical properties of the tourmaline (see page 513). 

When a salt of one of the natural cinchona bases is heated for a 
prolonged period to a high temperature, the alkaloid undergoes a 
curious change. It becomes incapable of crystallising, a property 
sometimes extending to its salts. The change occurs most readily by 
exposing the acid sulphate of the alkaloid to a temperature of 100° till 
anhydrous, and then increasing the heat for some time to about 130°; 
or by similarly heating a mixture of neutral sulphate and glycerin. 
Dilute acid solutions of the alkaloids heated under pressure do not 
undergo this change, which fact indicates that the change is due to 
physical, and not to chemical, conditions. No means are at present 
known by which the modified alkaloid can be restored to its original 
crystallisable condition 

When the cinchona bases arc heated with strong hydrochloiic acid 
(sp. gr. 1. 1 25) to 150® for 6 to 10 hours, they are converted into apo- 
or anhydro-derivatives of basic character, the change in the case of 
quinine and quinidine being attended with evolution of methyl chloride 
(Hesse, Annaleny 1880, 205, 314)- 

When the sulphates of quinine, cinchonine, and cinchonidine are 
dissolved in concentrated sulphuric acid at the ordinary temperature, 
they are converted into “iso-bases” (Hesse, Annalen, 1888, 243, 131), 
which differ in several respects from the parent alkaloids. Hydro- 
quinine, hydroqumidine, and hydrocinchonidine are converted by the 
same treatment into the corresponding sulphonic acids, which are 
compounds of distinct basic character. 
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With platinic chloride, the hydrochlorides of the cinchona bases 
form platinichlorides of the general formula BHjPtCle, but many of 
them also form salts containing BjHjPtCl^. Salts of this constitution 
are produced on adding sodio-platinic chloride to neutral solutions of 
quinine, quinidine, cinchonidine, and homocinchonidine (Hesse 
Annalen, i88i, 207, 309). The auri-chlorides of the cinchona bases 
are mostly unstable, and liable to speedy decomposition with separation 
of finely-divided metallic gold. 

Certain of the cinchona bases give a deep green colouration or 
precipitate when their solutions are treated with chlorine or bromine 
water, and ammonia is subsequently added. This reaction is known as 
the “ thalleioquin test” (see also page 51 1). 

Most of the cinchona bases are very completely precipitated by tannic 
and picric acids, potassio-mercuric iodide, and certain other reagents. 
These reactions arc sometimes used for their detection and separation. 

On treatment in solution with bromine-water in slight excess, the 
cinchona bases are converted into bromo-derivatives. The number 
of atoms of bromine taken up varies with the constitution of the alkaloid. 
According to T. Fawssett (Pharm. 1888 19, 915), quinine, 

quinidine, and cupreine react with approximately Br^, hydroquininc 
with Br^, and cinchonine, cinchonidine, and “amorphous quinine, 
^Nith Br^. On heating the cinchona bases, or their hydrochlorides or 
sulphates, with acetic anhydride to about 80° for a few hours, they are 
converted into acetyl-derivatives (Wright and Beckett, /. ChofL Soc., 
1876, 29, 655; O. Hesse, Annalcftf i88o, 205> 314). With the excep- 
tion of the acetyl-derivative of quinine, all these compounds are amor- 
phous. They can be dried at 100*^ without change, are readily soluble 
in dilute acids, and are thrown down as resinous precipitates by alkalies. 
On treatment with alcoholic potassium hydroxide they are hydrolysed 
into acetic acid and the original bases. The acetyl-derivatives of 
quinine and quinidine give the thallcioquin reaction. 

The more important properties of the leading cinchona alkaloids 
may be summarised as follows: 


A 


Hydrated crystals are formed by Quinine, Quinidine, Paytine, 
Cupreine, Cusconine, Chairamine. 

Anhydrous crystals are formed by Cinchonine, Cinchonidine, 
Quinamine. 

No crystals arc formed by Paricine, Quinicine, Diquinicinc, 
Hicinchonicine. 



GENERAL PROPERTIES OF CINCHONA BASES. 


507 

Readily soluble in Ether. — Quinine, Quinamine, Paytine, Quini- 
cine, Javanine. 

^ I Sparingly soluble in Ether. — Cinchonidine, Quinidine, Cupreine. 
Almost insoluble in Ether. — Cinchonine. 

Dextrorotatory solutions in alcohol are formed by Cinchonine, 
Cinchona mine, Quinamine, Quinidine, Chairamine, Quini- 
cine, Diquinicine. 

Lcevorotatory solutions in alcohol are formed by Cinchonidine, 
Hydro-cinchonidine, llomocinchonidine, Paytine, Cupreine, 
Qliinine, Hydroquinine, Cusconine, Aricine. 

Fluorescent solutions in dilute sulphuric acid are formed by 
Quinine, Quinidine, Ilydroquinine, Hydroquinidine, Di- 
quinicine. 

No fluorescence is exhibited by solutions of Cinchonine, Cin- 
chonidine, Ilydrocinchonidine, llomocinchonidine, Quina- 
mine, Quinicine, Dicinchonicine, Cusconine, Cupreine. 

Thalleioquin is formed by Quinine, Quinidine, Quinicine, Di- 
quinicine, Hydroquinine, Hydroquinidine, Cupreine. 

E I Thalleioquin is not formed by Apoquinidine, Cinchonine, Cin- 
I chonidine, Homocinchonidine, Ilydrocinchonidine, Cin- 

[ chonicine, Dicinchonicine, Quinamine, Cinchonamine. 

Quinine. Quinia. 

CjoHj.OjNj; or CA(OCH3)N.CH,.C7H,o(OH)(CH=CH2)N. 

Quinine is the most important of the cinchona bases, and appears 
to possess the most powerfully febrifuge properties. Its mode of 
preparation from the bark is based on the same principle as its estima- 
tion in the same (see page 490). 

The chemical constitution of quinine ismot thoroughly understood, 
but such knowledge as exists is epitomised on page 502. The com- 
plete synthesis of the alkaloid has not hitlierto been effected, but 
cupreine has been apparently converted into quinine by the introduc- 
tion of a methyl group. 

From alcohol, benzene, and some other solvents quinine may be 
obtained in crystals, but on the evaporation of its ethereal solution it 
separates as a gelatinous or rcsinoid mass, which is never crystalline. 
Ihis behaviour is important, as most other cinchona bases give ciy’stal- 
liue-cther residues. 
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Free quinine usually appears in commerce as a soft, granular, white 
powder, which has a crystalline structure. 

As obtained by the precipitation of one of its salts by an alkali 
quinine forms a bulky, white precipitate, which coagulates into a 
resinoid mass by very slight elevation in temperature. Accordint^ to 
O. Hesse the precipitate at first formed at the ordinary temperature is 
amorphous and anhydrous, but it soon takes up water and becomes 
ciy'stalline. It then contains 31130. If the ammonia be added in 
large excess, and the solution is not too concentrated, the trihydratc 
is obtained in small needles, and the same compound can be obtained 
from an ethereal solution below 10°. But the resinoief mass left on 
the spontaneous evaporation of a solution of quinine in ether usually 
contains water in proportion corresponding to a monohydrate, and 
when tlie crystallised trihydrate is exposed in an desiccator over sul- 
phuric acid, it effloresces and loses its water more or less perfectly. At 
20°, over concentrated sulphuric acid, the trihydrate soon loses the 
whole of its water, but over equal volumes of cone, sulphuric acid and 
water a monohydrate results. At 15°, in the open air, the trihydrate 
is unaltered, but at 20° it effloresces and loses 1H3O, the residue 
having the composition of a dihydrate. Commercial quinine contains 
from 8 to 1 1 % of water, and hence is approximately a dihydrate. 'fhe 
French and German PharmacopceiaSf and the British Pharmaceutical 
Codex f however, require the trihydratc for the official alkaloid. 'I'he 
precipitate produced by ammonia at a low temperature in concentrated 
solutions of quinine sulphate is usually a dihydrate. Hydrates of 
quinine containing 8 and 9 HjO have also been described. When 
the trihydrate is exposed at a temperature of 40® for a short time, and 
then at 60°, the whole of the water is driven off, and this change occurs 
rapidly at 100° Resinoid quinine loses its water with some difficulty 
at 100*^ unless previously powdered, but at 120° becomes anhydrous 
very rapidly (see Pharm /., 1885 [in], 16, 385, 897, 937). 

Anhydrous quinine, obtained by drying the trihydrate over sulphuric 
acid and heating to 125^^, melts at 174.9®, and that prepared by healing 
the benzene compound to 120® at 171.6-172®.^ 

Quinine is odourless. When in solution or finely divided it has an 
intense and purely bitter taste. It has valuable febrifuge properties, 

* Accorfing to Heue tAnnal, 1890, 358, 133) on prolonged heating of a solution ^ 
nine in alcohol to 30® the alkaloid is converted into an isomcride for which he propoy’s 
unsuitable name of homoquinine. This melts at i74.4®-i75*, and is reconverted ini*J u 
nine by prolonged beating with dilute sulphuric acid. 
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and is poisonous to frogs and other of the lower animals. It has 
decided antiseptic properties, retarding or arresting the alcoholic, 
lactic, butyric, amygdalous, and salicylous fermentations, but not the 
digestive action of pepsin. 

Quinine is very sparingly soluble in water. According to Sestini 
the solubility of the anhydrous alkaloid in water is i in 1,667 20° and 

I in 902 at 100°, the trihydrate requiring 1,428 and 773 parts of water 
at the same temperatures. 

In dilute solutmns of the fixed alkalies quinine is less soluble than 
in water, i part of the alkaloid being soluble in 3,450 parts of potassium 
hydroxide (i in 20) at 25^ Ammonia has when first applied con- 
siderably greater solvent action than water, but most of the alkaloid 
is deposited on long standing, as i part of alkaloid dissolves in 2,286 
parts of 10%, or 2,505 parts of 32.5%, ammonia at 15°. Certain 
ammonium and calcium salts notably increase the solubility of quinine 
in aqueous liquids. Anhydrous quinine dissolves in 0.6 parts of 
alcohol, 4.5 parts of ether, 1.9 parts of chloroform, 120 parts of benzene, 
at 25°. The trihydrate dissolves in 0.6 parts of alcohol, 1.3 parts of 
ether, 1.6 parts of chloroform, 166 parts of benzene, at 25® ^ It dis- 
solves readily in carbon disulphide, and in about 200 parts of glycerin. 
It is only sparingly soluble in petroleum ether, even when hot. 

Quinine exercises a powerful kevorotatory action on polarised 
light, the value of [a],, being, according to Hesse, — i45.2°-fo.657 c 
at 15®, for the solution of the hydrated alkaloid in 97% alcohol. In 
ether, quinine gives [a]p = — 158.7+ 1.911c where c==i.5 to 6; while 
in a mixture of 2 parts of chloroform and i part of alcohol [rt]D=* 
~ 141-0, when 2. 

Quinine affords no visible colour or other reactions with strong 
^eids. By cautiously dissolving quinine hydrate or sulphate in a 
mixture of equal volumes of concentrated nitric and sulphuric acids, 
amorphous dinitroquinine, C2oIl32(03N)202N2, is produced, nearly 
insoluble in ether and forming unciy'stallisable salts (E. H. Rennie, 
Oim. Soc., 1881, 39, 469). The action of permanganate and 
chromic acid mixture on quinine is described on page 502. 

Quinine is a powerful base, its solutions having a marked alkaline 
reaction to litmus and mctliyl-orange, and neutralising the strongest 
acids. It does not redden phcnolphthalein. 

f . ' pyinine is deposited from its solution in warm benzene in crystals containing (CjoHj^- 
e> 2 N 2 ),.c.H,,aHiO iChtm. Ntws. 1883. 48. 4 )- 
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Detection and Estimation of Quinine. 

The detection and estimation of quinine, when it occurs unmixed 
with other alkaloids or organic matter, is very readily effected, but 
the problem becomes more complex in the presence of other cinchona 
bases. 

The following reactions are yielded by a solution of quinine in a 
moderate excess of dilute sulphuric acid; 

1. Solutions of quinine in dilute sulphuric acid exhibit a strong 
blue fluorescence. The effect is best observed in very dilute liquids, 
and is intensified by addition of excess of sulphuric acid. The hydro- 
chloride and other haloid compounds of quinine (including the thio- 
sulphate and cyanogen compounds) exhibit no fluorescence till excess 
of sulphuric acid is added, and the fluorescence of solutions of the 
sulphate is destroyed by verj' small ejuantities of hydrochloric acid or 
other chlorides, but can be again produced by adding excess of dilute 
sulphuric acid. Alcoholic solutions of quinine exhibit but little 
fluorescence, and solutions of the alkaloid in solvents immiscible 
wth water, none at all. Under favorable conditions, the fluorescence 
of quinine becomes an extremely delicate test for the presence of the 
alkaloid.^ P'luorescence is also produced by quinidine, hydroquinine 
and hydroquinidine, and diquinicine, but not byquinamine, cinchonine 
or its isomers, cusconine, cupreine, or quinicinc. 

2. According to A. Weller (Arch. P/iarm., 1886, 224, 161), on 
adding chlorine- water to a strong solution of quinine the solution 
acquires a more or less intense red colour. Bromine-water is a 
preferable reagent, and on adding a few drops to a saturated solution 
of quinine hydrochloride a yellow precipitate is formed, which gradu- 
ally disappears with formation of a rose-red colouration, changing to 
cheriy^-red. The colour disappears after a time, but can be reproduced 
by adding more bromine-water, and the reaction is more delicate and 
prompt if the quinine solution be previously gently warmed. Acids 

1 The fluorc^ence of quinine is best observed by holding a test-tube filled with the solu 
tion in a vertical position Ijefore a window, when a bluish "bloom" will be pcrccivf't "O 
observing the liquid from above against a dark background. Another plan is to i'uikc 
thick streak of the solution on a piece of polished jet or black marble, or on a plate of ' 
smoked at the back, and to place the streaked surface in front of, and at right angles w, a 
well -lighted window. (Sec also Vol. i.) ,, 

The fluorescence of quinine solutions is not perceptible by gas-lightjbut may be 
out by burninipr a piece of majinesium ribl>on in the proper position. The use of bine ni » ^ 
which transmits the ultra-violet rays which produce the fluorescence of quinine. ^ 
excluding the less refrangible rays, is sometimes recommended. In this case the I'L 
transmitted by the glass should be concentrated by means of a lens. 
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and excess of bromine- water prevent the reaction, which is also pro- 
duced by quinidine, but not by cinchonine or cinchonidine. 

3. If a solution of quinine, rendered as nearly neutral as possible, 
be treated first with chlorine or bromine, and then with excess of 
ammonia, a green substaned called thalleioquin is produced, which in 
concentrated solutions forms a precipitate, and in more dilute a deep 
green liquid. When carefully applied, the test, which is due to 
Brande, is extremely delicate. Bromine is a more sensitive reagent 
than chlorine. The following is the best mode of applying the test: 
To 10 c.c. of the solution of quinine add 3 c.c. of chlorine-water, or 
0.5 c.c. of saturated bromine-water. Agitate well, and then add i drop 
of strong ammonia solution, or sufficient to render the liquid distinctly 
alkaline. If the proportion of quinine exceed about i per 1,000 of 
solution, a green substance is precipitated, soluble in absolute alcohol, 
but insoluble in ether or chloroform. In more dilute liquids, even if 
the proportion of quinine does not exceed i in 20,000, a deep green 
colouration is produced. If the green ammoniacal solution be just 
neutralised with acid, a blue colouration is obtained, and on adding 
more acid a colour ranging from violet to red, but changing to green 
again on adding excess of ammonia. 

M. I rimblc has proposed to use this reaction for the approximate 
colorimetric determination of (luinine, but the test is very unreliable 
and is useless from a quantitative point of view (E. Leger, J. Pham. 
Cliim., 1904, 19, 281-284, 434-435; E. Comanducci, Chem. Zentr.y 
1910, I, 1885). 

The thalleioquin reaction is also given by quinidine, cupreine, 
hydroquinine, hydroquinidine and diquinicine, but not by quinamine, 
or cinchonine and its isomers. It is prevented by morphine. 

4 - If, after tlie addition of chlorine- or bromine-water, the quinine 
^'olution be treated with a few drops of solution of potassium ferro- or 
ferricyanide, ammonia being subscquailly added, a red colouration is 
produced instead of a green. The reaction is not so delicate as the 
tballeioquin test, but affords useful confirmatory evidence of the pres- 

of quinine. A. Vogel modifies the test by adding bromine-water 
^J^d potassium ferrocyanidc to the solution to be tested, and then 
shaking with a fragment of marble, whicli, in presence of quinine, is 
•at once covered with a red film. Strychnine, cinchonine, and caffeine 
not give similar reactions. 

5 - On adding a fixed alkali, alkaline carbonate, or ammonia to a 
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solution of a salt of quinine, a bulky white precipitate of the free 
alkaloid (more or less hydrated) is produced. The precipitate is very 
sparingly soluble in cold water or excess of these precipitants, with 
the exception of ammonia. The precipitate cannot be convenientlv 
filtered off, washed, and weighed, as it is not wholly insoluble, and 
melts with very slight increase of temperature. Its state of hydration 
is also very uncertain. But, if the liquid containing the precipitated 
alkaloid be agitated with ether or chloroform, or a mixture of the two, 
the quinine passes readily and completely into solution, and may be 
obtained in the solid state by evaporating the solvent. The process 
is readily made quantitative by operating with care and repeating the 
agitation of the liquid with the solvent, and tlje quinine may lie 
weighed in the anhydrous state as C2oH24f)2^"2> being dried at 
ioo° till constant in weight; or after exposure for 15 or 20 minutes to a 
temperature of 120°. The estimation of quinine in this manner is 
capable of yielding very' accurate results, and is of very extensive and 
rapid application. 

6. When quinine exists in a free state, as it is obtained in process 
5 by the evaporation of its solution in ether or chloroform it may he 
estimated roughly by dissolving it in slight c.xcess of iV/10 acid and 
titrating the excess of acid with Njio alkali (see page 497). J'hich 
I c.c. of Nj 10 sulphuric acid (=4.9 grm. of IIjSO^ per litre) corre- 
sponds to .0324 grm, of anhydrous quinine. This titration by standard 
acid, of course, merely indicates the total alkaloid present, in terms of 
quinine. The process furnishes a very useful check on tlic estimation 
from the weight of the chloroform or ether- residue, and brings the 
alkaloid into a convenient form for further examination by one of the 
following processes: 

7. On adding tincture of iodine to a solution of acid sulphate of 
quinine in dilute alcohol, a curious compound is produced, called, 
after its di.scoverer, Ilerepathitc, and having the formula 4030113402- 
N2,3H2S()„2lII,I,-l-3H30.^ This compound, called also the iodo- 
sulphate of quinine or sulphate of iodo-quinine, is the type of a series 
of similar substances formed by the action of iodine on the sulphates 
of the cinchona bases. Hcrepathite is but little soluble in cold water 
or dilute alcohol, and requires 1,000 parts of hot water for solution; 

• Ilrrcpathite Tn,iy be readily prepared by disaolvtn^ the quinine sulphate in lo paO^^| 
yroni spirit containing 5% of sulphuric acid, and adding an alcoholic solution of 
long as a black [irccipitatc is produced. The precipitate is filtered off, washed, ana 
crystallised from hot alcohol. 
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but it dissolves in boiling rectified spirit, and is deposited on cooling in ' 
tabular crystals, remarkable for their dichroism and their action on 
light, a thin film of herepathite polarising the transmitted light as 
completely as tourmaline. Herepathite is re-converted into quinine 
sulphate by treatment with sulphurous acid, thiosulphates, hydrogen 
sulphide, and other readucing agents. 

lodosulphate of quinine possesses far less solubility than the corre- 
sponding compounds of the other cinchona bases. ^ This fact has 
been utilised by J. E. de Vrij for the estimation of quinine (Pharm. 
J-, 1875 [m], 6, 461), but the method has a limited practical value. 

E. B. Stuart {Pharm. /., 1881 [m], 12, 1016) finds the herep- 
athite reaction equally delicate with the thalleioquin test, and quite 
as easy of application. The salt of quinine should be dissolved in 
dilute alcohol, and dilute sulphuric acid, the presence of which is 
essential, added. Very dilute tincture of iodine is then added, drop 
by drop, with constant agitation, when the precipitate suddenly appears 
and quickly subsides. Precipitation as herepathite may be used with 
advantage for separating quinine from morphine even when the 
relative proportions are as 1:1,000. 

8. Andr^ {J. PJiarm. Chim., 1862, 41, 341) proposed a method of 
estimating quinine and separating it from other cinchona bases by 
precipitation as the chromate from neutral solutions of the alkaloids. 


1 B. Y. Shimoyama (Pharm. J.. i88s f»«l i6. ao<?) Rivea the following figures for the 
solubility of quinine herepathite in 90% alcohol at different temperatures: 


Temperature 

Alcohol without acid 

Acidified alcohol 

is” 

I in 869 pts. 

I in ass P^s- 

16® 

I in 841 pts. 


17“ 


r in 1 17 pts. 

I S'* 


1 in loi pts. 

30 ° 1 

I in 71 J pts. 


as® 

1 in 660 pts. 


90° 

I in 6j8 pts. 



The solubilities of the iodosulphatcs of the principal cinchona alkaloids in acidified alco- 
hol at i5« were found to be as follows: 


Alkaloid 

1 Solubility j 

Iodine, % 

9 ,'Jinine herepathite 

herepathite 

^‘nchonme herepathite 

' I in ass pts. 

: 1 in 9a pts. 

I in 61 pts. 
j I in 4a pts. 

3a. S 7 
53-68 
43.70 
34.90 

VoL. VI.~33 
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De Vrij {Anli. Pharnt.y 1887 [m], 24, 1073) states that neutral quinim' 
chromate is soluble in 2,733 parts of water at 12°, or 2,000 parts at lO . 
Although the chromate is a good confirmatory test for quinine, Ili ssc* 
{Pharm. J., 1887 [« 7 ], 17, 585, 665; 1888, 18, 582) finds that 
cinchonidino and hydroqinine are in part thrown down with llie 
quinine, which renders the method inapplicable for separating quinine 
from its most constant associates. 

Quinine is distinguished: 

1. From cinchonine: a, by its fluorescence; b, its lac vo- rotation; r, 
the thalleioquin test; d, the crystallisation of the sulphate; e, its solu- 
bility in ether; /, its solubility in ammonia; the sparing solubility 
of the iodosulphate; h, by the insolubility of its neutral tartrate. 

2. From cinchonidine by most of the aliove reactions, except b and 
/i, and less sharply than cinchonine by those tests depending on relative 
solubility (d, e,/, .^). 

3. From quinidine by 6, (/,/, g; also by (/) yielding no crystalline 
precipitate with potas.sium iodide, and (j) the insoluliility of the sul- 
phate in chloroform. 

4. From quinamine by b, e, h; and {k), the sparing solubility of tlie 
sulphate. 

5. From cupreine by a, and (/) the insolulnlity of the precipitated 
alkaloid in excess of soda. 

Methods for the separation of quinine from the associated cinchona 
bases arc given on pages 492, 517, et seq. 

4 'hc separation of quinine from morphine may be effected, as already 
stated (page 511), by precipitation as herepathitc; also by treating the 
free alkaloids with chloroform or ether, which leaves the morphine 
undissolved. 

From strychnine, quinine may be separated as indicated undiT 
“Easton’s syrup . ” 

Salts of Quinine, 

Quinine is a strong base, completely neutralising acids, and forming 
cry'stallisable salts having a slight alkaline indication to litmus. These 
salts react with phenolphthalei’n as if the acid were in an uncombim'd 
state. ()uinine also forms a series of acid salts, of which the acid 
sulphate of quinine is the type, which are neutral to methyl-orange. 

Several of the salts of quinine are official in the Pharmacopoeia, and 
others arc extensively used in medicine. 
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Quinine Sulphate. Diquinic sulphate. (C 2 oH 2402 X 2 ) 2 ^^ 2 ^^\- 
q his important salt, sometimes called “disulphate” or “basic sulphate" 
of quinine, forms, in the hydrated state, the ordinary medicinal sul- 
phate of quinine of commerce. 

Sulphate of (quinine is usually met with in exceedingly light scales, 
or long, flexible filiform needles,’ having a nacreous aspect and a pure 
and intensely bitter taste. 

The crystallistal sulphate of quinine of commerce usually contains 
about 15.2 /o of water, a proportion which corresponds closely to 
^.511,0, which is the othcial salt of the British Pharmacopeia. 

Hesse states that pure crystallised quinine sulphate, which has not 
cllloresced, contains SHjO, or 16.17% of water, and this has been 
conlirmed by Robirjuct, by Schorlemmer, and by Koppeschaar. This 
salt is the oflicial one of the French Pharmacopeia. Samples of the 
commercial salt are sometimes met with containing about 14-5% of 
water, a jiroportion which corresponds to ylljO, and this has been 
taken as the offleial salt of the United States Pharmacopeia. The 
evidence is in favour of crystallised quinine sulphate containing 
SlljO, and the salt efllorescing very rapidly, even when packed in 
corked bottles, accounts for the lower percentage usually found in die 
commercial article. Another reason suggested by Kopppeschaar is 
that cinchonidine sulphate crystallises with dHgO; moreover, any 
cinclionidinc sulphate in the quinine salt does not exist in tlie state of 
a mixture, but in combination with a portion of the quinine sulphate, 
the compound salt enclosing blljO. 

(:r)'stallised quinine sulphate is rendered perfectly anhydrous by 
exj)osurc to a temperature of looT If a higher temperature be 
employed for its dehydration, there is a danger of some of the alkaloid 
undergoing conversion into (|uinicine (sec page 544). If the anhydrous 
sulphate of quinine be exposed to moist air, it rapidly obsorbs from 
4.8 to 5% of water, a proportion which corresponds to tire formula 

' Chrmtrally pure quinine sulph.-ttc, free from tiydroquinine, crystallises in heavy needles. 
The character of llic commercial s.ill is chiefly due to the presence of sm.all admixluros 
of tlie sulphates of hydroquinine and cinchonidine, and possibly of hydrcxunchonidmc and 
■"'iiiocinchonidine I'i of cinchonidine is sufficient to produce the IikIh silky appearance, 
and this persists with a larKer proportion. ” A few years ago, when the bark of Kemijia, 
'vliich contains no cinclionidinc. was first tre.ited. the latter alkaloid was added, as the I'ure 
^elutions yielded large brilliant needles unfamiliar m commerce; for the same reason tlie 
of cuprea was never treated, exccfit bv being mixed with other barks.” The sulphates 
f’f 'Ue bases of the cinchonidine group can be separated from quinine siilph.ate without 
int( rfering with its light form when there is a sufficient amount of hydroquimne presi ni 

rording to Carles, an addition of 4 grm. of ammonium sulphate to i litre of a hot saturated 
^^'hition of quinine sulphate causes tlie latter salt to crystallise on cooling in a very volumin 
O'JS form. 
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B2H2S0^+ 21130.^ On the other hand, the crystallised salt rapidly 
loses water on exposure to atr, until it ac([uires the composilion of ilic 
2II2O substance. 'I'he same quantity of water is retained wlu ji tlic 
crystallised salt is dried over sulphuric acid, or crystallised from strong 
alcohol. 

Quinine sulphate requires 750 parts of cold water for solution, hi.t 
dissolves in about 30 parts of water at 100°. It is far less soluble in 
water containing magnesium, sodium, or ammonium sulphate than 
in pure water. A solution of quinine sulphate is so completely pre- 
cipitated by a strong solution of Rochelle salt that the alkaloid (an 
scarcely be detected in the solution by the lluorescence or thalleiixpiin 
test. On the other hand, the solubility of sulphate of quinine in water 
is increased by tiie presence of ammonium chloride, or of potassium 
nitrate or chlorate. 

In alcohol, quinine sulphate dissolves more readily than in water, 
requiring 6 parts at a boiling temperature, or 65 parts at 15'^. (Juiiiiiie 
sulphate dissolves in about 24 parts of cold glycerin, the solution be ing 
preci[)itatcd by addition of water. Cr}'stallised rpiinine suli>hale i^ 
not soluble in fixed oils, ether, chloroform, or petroleum spirit. (It 
is said to dissolve in benzene.) In the anhydrous state, i part oi 
quinine sulphate is soluble in about 1,000 parts of chloroform (.see jiagc 
525). It is ea.sily soluble in a mixture of 2 parts of chloroform and 
I part of absolute alcohol. 

In dilute sulphuric acid, cjuinine sulphate is readily solulile, owing 
to the formation of acid quinine sulphate, f b- 
'J'his salt is readily obtainable in ciy'stals containing 7112^1- 1 

crystallised salt loses bll^O in the desiccator, and becomes anhydrous 
at 100'^. This .salt is the oflicial quinine acid sulphate of the Unit'd 
States Pharmacopina. (The normal sulphate is also olhcial.) It 
is described as being colourless, transparent or whiti.sh, orthorhorniiic 
crystals or small needles; odourless and having a very biiur 
taste. It effloresces on exposure to the air, and turns yellow on 
exposure to light. Soluble in 8.5 parts of water, 18 parts oi 
alcohol, 1,770 parts of ether, 920 parts of chloroform, and iu 
18 parts of glycerin at 25°; soluble in 0.68 part of water at 80^ ami 
in 0.5 part of alcohol at 60°. When heated the salt softens at oo , 
becomes semi-fluid at 70^, and melts at about 160° with decomposition. 

• H. P. Parsons recommends the official adoption of this hydrate as a definite and sCiUle 
form of quinine sulphate. 
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It loses all of its water of cr}'stallisation at 100'^. The salt on melt- 
ing is converted into acid quinicine sulphate. Acid quinine sul- 
phate dissolves in 10 parts of water at 15°, and more readily in hot 
^vate^. It is soluble in 45 parts of alcohol at 15° These solutions are 
strongly lluorescent. 

Normal quinine sulphate has a specific •rotation in alisolute alcoholic 
solution of [«]u = - 157.4 (c--=22, of the 7 il 2 ll ,0 salt). Excess of 
acid increases the rotatory power. A solution of ([uinine sulphate in 
excess of dilute sulphuric acid has a specific rotation of — 235.0 

at 15°, calculated for the anhydrous .salt (Tutin, Phar. J 1909 [iv], 
29, 600). 

Sulphate of quinine is largely employed as a febrifuge and tonic, 
the otTicial dose ranging from i to 10 grains. It has marked antiseptic 
properties. 

'fhe tluorescence of sulphate of quinine is considered on page 510; 
its reaction with iodine on page 512; and with the thalleioquin test 
oil page 511. 


Examination of Commercial Quinine Sulphate. 

d'he salts of quinine, e.xcept the tannatc (page 529), can all be 
examined liy the following methods applicable to the (juinine sulphate, 
provided they are first treated with 10 parts of boiling water anti their 
own weight of sodium sulphate. 'I'he sulphate of quinine which 
deposits on cooling and tlie mother-liquor obtained can tlien be 
examined in the usual way. 

('ommercial quinine sulphate was formerly subject to adulterations 
of a veiy gross character. Among the substances employed to sophisti- 
cate it are said to have been starch, gum, stearin, salicin, phloridzin, 
sug;irs, magnesium sulphate, .sodium sulphate, chalk, asbestos, boric 
Jicid, etc. .Some of tlicse additions are apocrj^phal and the majority 
‘‘•re certainly obsolete. 

Ammonium salts should be tested for (jualitatively by boiling some 
c‘i the sample with sodium hydroxide, or quantitatively by washing 

W('ighed portion of the cjuinine salt with cold water and testing the 
*'‘P>id with Nessler’s reagent. Mineral additions would be readily 
L'(ognised on igniting the sample, which, when pure, will leave no 
sensible ash. Starch, chalk, stearin, and lioric acid would remain 
^''^oluble on treating the substance with cold dilute sulphuric acid. 
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and gum would be prcci[iitated 011 adding excess of alcohol to tlu- 
solution thus obtained. Soluble impurities generally may l)e detei inl 
and estimated by dissolving the sami)le in hot water and adding e\n vs 
of barium hydroxide water. The alkaloid is then removed l)y agitation 
with ether. After removing the ethereal layer, a stream of carhoii 
dioxide is passed through the a(pieous licjuid to precipitate the exn , 
of barium hydroxide, and the whole well boiled and liltered. Sulpliati' 
and carl.)onate of barium will be left insoluble, and the liltrate will 
contain any sugar or otiier soluble impurity ])resent in the origiiml 
sample, and the observation of the weight of the residue left on evajiora- 
tion will allow of a determination of the amount. In presence 0: 
sugar the liquid will exert a dextrorotatory' action, and in preseiKi- 
of salirin a hevorotatory action on polarised light. 

'Freatment of the original .solid sample with concentrated suljjhiiric 
acid, attended by gentle warming, will sufiice for the (pialitalivo 
detection of some impurities. Sugar and manitol will become charrci!. 
while salicin develops a .striking red colour, (iood commercial ([uiiuiie 
sulphate dis.solves with faint yellow colour in strong sulphuric acid, 
and the tint is not deepened on warming gently. 

Similar general impurities may be rapidly tested for by a it>t 
devised l)y Hesse, and described on page 526. Salirin, present in 
greater pro[)ortion than iVo niay be detected by this test. The residuL- 
insoluble in the chloroform-mixture will be coloured deep red Is 
concentrated sulphuric acid, and will reduce Fehling’s solution alter 
boiling with dilute sulphuric acid, d'he reaction with strong suljduiric 
acid will be produced by the original sample if the proportion of sali( in 
be considerable. Smaller proportions of salicin may be detected in di^ 
filtrate from the precipitate produced by adding barium hydroxide to ih' 
aqueous solution of the sample. Another test for salicin is to dissolve 
0.25 grm. of the sample in 4 c.c. of water and 4 drops of concentrati d 
hydrochloric acid. If salicin be present, on boiling the liquid i»r 
some minutes a white turbidity will be produced, due to the formation 
of sal ire tin. 

Quinine sulphate has occasionally been largely adulterated witli or 
entirely sulistituted by the cinchonine hydrochloride. This fraud 
recogni.sable by testing for chlorides with nitric acid and nitrate ot 
silver, and for cinchonine as described on page 522. 

The most common impurity of commercial quinine sulphate is nil 
admixture of one or more of the sulphates of other cinchona alkaloi<l^> 
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especially cinchoniduic and hydroquinine. This admixture is often 
purely accidental, owing to imperfect separation of the other alkaloids 
(luring manufacture, but is no doubt sometimes provided for and 
secured by suitable arrangements of the manufacturing operations, 
while occasionally an intentional admixture of other alkaloids has 
occurred. 

Various qualities of quinine sulphate are produced by manufacturers. 
The chief are: i. The pure salt or ‘‘heavy sulphate,’’ of which the 
use is extremely limited, chielly on account of the heavy cost entailed 
in freeing it from the last 2 or ^ < ^>f impurities. This is t’le official 
salt of the German Pharmaeopada of 1890 and 1900. 2. Products 

satisfying the requirements of {\\q French Pharmacopieiij, and containing 
up to 3' ,', of other alkaloids. 3. Products satisfying the najuire- 
ments of the German Pharmaeopaia of 1882, and the British 
Pharmacopoda, which may contain u{) to lo'^j of other alkaloids. 
Other products may have a certain commercial importance, Irut have 
no “legal status” in civilised countries. 

'I'he liest samples of commercial quinine sulphate are seldom free 
from cinchonidine, but contain not more than 2 or 3' ,';; while other 
kinds contain from 5 to 10, and even 20' of cinchonidine sulphate, 
and on one accasion B. Jl. Paul found 60',; . In addition, hydroquinine 
is a very constant impurity in quinine sulphate, usually occurring to 
the extent of 2 to ( 1 ). Howard, Pharm. /., i8()6 [/:’], 3, 5 ^ 5 ) > 
and, according {o\\e,siSQ,hydroeinchonidine and homocincJionidine may 
also be met with in quinine from certain sources. Ihe presence of 
even P/q of cinchonine or quinidine in quinine sulphate is far more 
likely to be intentional than due merely to accident or careless manu- 
facture, but these alkaloids are aj)t to be met as accidental impurities 
in ([uininc hydrochloride. 

The detection and estimation of foreign alkaloids in commercial 
quinine sulphate has received much attention, and considerable 
ingenuity has been exercised in the solution of this somewhat difficult 
problem. 

Owing to the obstinacy with which quinine and cinchonidine form 
more or less definite compounds when cr)'stallising together, as sul- 
phates from water and as alkaloids from ether, greater difficulty is 
experienced in the recognition and estimation of cinchonidine sulphate 
in quinine sulphate tlian in the detection and estimation of the other 
alkaloids when present in notable proportion. 
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To detect cinchonidine in quinine sulphate Liebig proposed shakiji^r 
the salt with ether and ammonia, but this will pass a sample contaiiiinjr 
upward of io% of cinchonidine. Kemer proposed a test dependiiiL; 
upon the difference in solubility of the sulphates, quinine sulphate 
being soluble in about 750 parts of cold water, while cinchonidine 
sulphate is soluble in about 100 parts. This method modified and 
improved by Paul, and by Hesse, is the one generally adopted by the 
various pharmacoperias. I'he test is usually carried out by shakiin; 
2 grm. of the quinine sulphate with 20 c.c. of water, filtering off the 
undissolved crystals (in the later modifications after heating and 
cooling), and gently mixing 5 c.c. of the clear filtrate with ammonia 
(sp. gr. 0.96). The amount of ammonia required to just redissolvc 
the precipitate first formed is an indication of the purity of the salt 
tested, and the ammonia solution should not deposit any crystals on 
standing for 24 hours. The following is a talile showing the methods 
recommended by tlie various pharmacopoeias for cariying out the test, 
with the amount of ammonia allowed by each: 


MODIFICATIONS OF THE KEENER TEST OF THE VARIOl'S 
PHARMACOPCEIAS FOR QUININE SULPHATE. 


Pharmaco- 

pcfia 

I. : British 
Pharrna- 
' ceutical 
Codex. 

Wt. 

taken 

in 

Rrm. 

2 

Con- ' 
tain Dried 
ing ' ; i ior 

H;0 i 

15-4 2 

hours. 

at 

50° 

W’ater IIeate<l for 
used ' at 

20 c.c, 6 s'’ 1/3 

hour. 

cx. of 

Cooled for .\ 1 h' 'll 
at allowc<] 

I 5° T '2 6 C t . 

hour, , 

1 i 

i 

a. 

French, 

iHS.}. 

2 

> 5-4 


20 c.c 

1/3 

hour 

' 5 ^' 

1/2 , 7 C c 

hour. 

3 

French. 

lOOO. 

I 

16.2 


{o c.c. 100“^' 

To His- 
.sf)I ve. 

IS® 

1/2 SC,'. 

hour. 

4 . 

German, 

1HS2. 


I .S • 4 


20 c.c. i . . . . ' 


IS" 

1/2 7 < ' 
hour. 

5 - 

Germ.'in, 

I'JOO. 

2 

is -4 : j 

, hours 

40 

to 

' 50“ ! 

20 C C. 1 65'’ 1 

1/3 

hour. 

IS® 

3 : 4 c- ' • 

hours. 

6. 

Italian. . . 

2 

4.6 [2 

hours.]' 

i 5 od' : 

20 C.C. ,100°: 

I 

hour. 

15 ® 

1/3 7 c ' 

hour, 

7 - 

Nether- 

lands. 

I 

4.6 fi 

hour.]' 

' (40 
to 

: 5oq' 

20 C.C. : 60 , 

1 to ; 

1 1 ! 

1/2 

hour. 

15 ° 

a j 4 • S ‘■ 
hours. 1 

i 

8. 

United 

States, 

1905. 

1. 8 , 

14. S [2 

hours.]' 

! (soq* 

^ 1 

20c. c. 1 65" 1 

! ' 

1/3 j 
hour. 

IS® 

3 1 7 I-'- 

hours. 


• The figures in brackets indicate that the drying at the temperature named is carried cut 
before the salt is weighed out. 
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The results obtained by this method are only empirical owing to 
the difficulty of dissolving out cinchonidine sulphate from cr}’sta]s of 
quinine sulphate, and also on account of cinchonidine sulphate forming 
a double salt with quinine sulphate in cr\^stallising out below 50° from 
its solutions. As pointed out by 1 ). Howard (Pharni. J., 1896 [iv], 
3, 505) and by Tutin {P/iarni. J., 1909 [n'], 29, 600) quinine sul- 
phate is almost insoluble in even a very dilute solution of ammonium 
sulphate, and o.i% of this salt in an impure quinine sulphate will 
make it appear purer than pure quinine sulphate. Moreover, should 
pure quinine sulphate contain a little free alkaloid the ammonia 
required in testing it will be far in excess of the amount required by the 
neutral salt. For these reasons reliance can be placed on Kerner’s 
test only when the absence of alkaline sulphates has been proved, and 
when the neutrality of the salt has been assured. The former point 
is readily ascertained by evaporating 5 c.c. of the filtrate (which should 
he neutral to litmus) to dr)mess, and constant weight, on the steam- 
liath. If the residue weighs not more than 0.008 grm., the absence of 
soluble inorganic salts is proved. Biginelli (Monil, Scient., 1908, 22, 
I ; 5-1 85) recommends that the limit of ash for quinine sulphate should 
not exceed 0.1%. The great recommendation for Kerner’s test is that 
it is the only test that readily indicates the presence of hydroquinine 
and other little-known alkaloids, about the therapeutic ehects of which 
little is known, and which certainly should not be present in excessive 
(luantitics. 

On the point whether it is better to treat the sample with water at 
or to 100°, autlioritics are at variance. Hesse considers that at a 
boiling heat more of the (|uinine sulphate will pa.ss into solution, and 
licnce there will be a greater tendency to the re formation of tlie double 
^'d\i when crystallisation takes place. Kerner and Weller also recom- 
mend the use of water at 60T F. J ungllcisch (J. Pham. Chiw., 1886 [v], 
15 , S’J'harm. J., 1886 (///], 17 , 5^5) gives the preference to a boiling 
temperature, and points out Uie tendency to erratic results if less heat 
be employed. Paul (Pliarm. 1886 [Hi], 17 , 595) considers that 
the best results can only be obtained by using nearly sufficient water 
to effect the complete solution of the quinine sulphate at the b. p. 

'I'lie British Pharmacopn ia of 1898 gives the following methods of 
testing commercial sulphate of (piinine for accompanying alkaloids. 
1 he salt “should not contain much more than 5% of other cinchona 
ttlkaloids.” 
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Test for Cinchonidine and Cinchonine.— Dissolve 4 grm. of the 
quinine sulphate in 120 c.c. of boiling water. Cool the solution slowly 
to 50*^, with frequent stirring. Separate, by filtration, the purifuil 
quinine sulphate which has crystallised out. Concentrate the hllrate 
by evaporation until it is reduced to 10 c.c. or less; transfer to a small 
stoppered tlask, and, when cold, shake with ro c.c. of ether and lialf 
that amount of solution of ammonia. Set aside in a cool place for not 
less than 24 hours. Collect the crystals, which consist of cinchonidiia' 
and cinchonine combined with quinine, on a tared filter, wash witli a 
little ether, dry at 100° and weigh. These should not amount to mon' 
than 0.12 grm. 

Test for Quinidine. — Dissolve i grm. of the quinine sulphate in 
30 c.c. of lioiling water; cool, and filter. To the solution add solution 
of potassium iodide and a little alcohol ) to prevent the precii»i 
tation of amorphous hydriodides. Collect any separated qulnidiiw 
hydriodide, wash with a little water, dry and weigh. The weight 
represents about an ecjual weight of crystallised fpiinidine sulphate. 

Test for Cupreine. — Shake the recrystallised quinine .sulphali'. 
obtained in testing the original quinine sulphate for cinchonidine 
and cinchonine, with 25 c.c. of ether and 6 c.c. of solution of ammonia, 
and to this ethereal solution, se[)araled, add the ethereal liijuid and 
wa.shings also obtained in testing the original sulphate for the 2 
alkaloids just mentioned. Shake this ethereal liquid with 6 c.c. of ;i 
10^;^ solution of sodium hydroxide, adding water if any solid matter 
.should separate. Remove the ethereal solution, wash the aqueous 
solution with more ether, and remove the ethereal washings. Add 
diluted sulphuric acid to the aijueous liquid heated to boiling, until 
exactly neutral. When cold, collect any crystallised sulphate of 
cupreine on a tared filter; dr>', and weigh. 

Test for Cinchonine and Amorphous Alkaloids.— Dissove i 
grm. of the quinine .sulphate in 30 c.c. of boiling water. Add i grm. 
of sodium potas.sium tartrate. Allow to cool, with freipient .shaking; 
filter. The .solution when evaporated to small bulk .should gi\u 
little or no precipitate with solution of ammonia. 

The foregoing tests are, of course, not intended for the detection and 
estimation of minute traces of accompanying alkaloids in quinine 
sulphate, as the therapeutic value of the .salt is not so greatly affected 
by small quantities of other alkaloid.s. Dc Vhij {Chem. Zentr., 1885, 
968) has suggested the addition of sufficient sulphuric acid to convert 
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the bases into acid salts before separating them by fractional solution 
and cr^’stallisation. Hesse (Pharm. 1886 [Hi], 17, 486), who 
expresses a high opinion of this method if carefully performed, recom- 
mends the following mode of operating: 5 grin, weight of the sample 
is dissolved by the aid of heat in 12 c.c. of IV sulphuric acid contained 
in a small porcelain basin, and the solution poured into a funnel closed 
at the bottom,' in which it is allowed to cool. At the end of 2 hours 
crystallisatioiT is complete, the stopper is removed, and the mother- 
li(|uor allowed to drain away as cornjiletely as possible, its removal 
being assisted by suction. 'I'lie upper portion of the crystals is then 
{iressed down with a glass rod and washed with 3 c.c. of cold water, 
added drop by drop while the suction is kept up. The whole solution 
is then mixed with 16 c.c. of ether (sp. gr. 0.721 to 0.728) and shaken 
up.- 3 c c. of ammonia (sp. gr. 0.960) is ne.xt added, and the 
whole well shaken again. After standing i day the ether is removed 
with a pipette, and the crystals which have separated are collected on 
a filter and washed with water .saturated with ether. The filter is then 
placed on an absorbent surface, the crystals again wa.shed with some 
ether, and dried at 100° and weighed. 

1 ). llowanl {Pharm, 1896 [re], 3, 505) points out that although 
the cinchonidine almost entirely remains in the acid liquor, owing to 
the great solubility of the acid sulphate of quinine, the solution contains 
so much quinine that the cinchonidine largely remains dissolved in the 
ethereal solution. In order to obtain accurate results by this method, 
a suflicient quantity of the quinine sulphate must be taken to allow 
the solution separated from the first crop of crystals to be evaporated 
to a small bulk, again cr}'stallised, and the mother-liquor carefully 
separated from the cry stals l)y a filter pump ami shaken with ether and 
ammonia. If a complete analysis is re(|uircd, the cr}^stals of impure 
cinchonidine should be dissolved in absolute alcohol and 2.1 c.c. of 
50' ;^ sulphuric acid for each grm. of cT}^stal added. The cinchonidine 
will then crj'stallisc out almost entirely as tetrasiilphate, and, by 
neutralising tlie motlier-liquor and evaporating off the spirit, the 
quinine may be obtained as sulphate. The ethereal solution still 
containing cinchonidine should be evaporated, the alkaloid crystal- 
lised as acid sulphate, and the mother-liquor again treated with ether 

* This may be conveniently effected by a glass rod Introduced from above, and having 
the lower end covered with a sliort length of india-rubber tubing. The same rod can be 
aflerw.ard used for pressing down tlic crystals. 

* If the sample contain more than 10% of cinchonidine the volume of ether must be in- 
creased. 
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anti ammonia. These last operations are, however, hardly nccess;ir}- 
in practice, for when the test is carefully carried out, the quiniiir 
crystallising with tlie cinchonidine verj’ nearly balances the ciii- 
chonidine dissolvetl by the ethereal solution of cpiininc. 

A method of assaying quinine sulphate for cinchonidine, bastd 
upon the optical rotation of the solution, has been recommended hy 
several authorities and is equally distrusted by others. Oudemans 
was among the first to experiment in this direction, and Hesse jiro- 
posed a definite process of assay, based on the rotation of the sulphate. 
Koppeschaar proposed to employ the tartrates by preference, while 
R. H. Davies operated on the sulphates. De Vrij has strongly recom- 
mended the optical method of examination, giving preference to llie 
tartrates. Jungtleisch and Paul and ( ownley have expressed strong 
distrust of the optical method, considering it manifestly impracticafde 
to determine jiroportions of i and 1.5' of cinchonidine in quinine 
sulphate containing even minute proportions of the cinchonine and 
quinidine salts; and D. Howard .states that no puldished method gives 
the mixed tartrates of quinine and cinchonidine .sufhcienlly pure to 
render the polarimctric assay absolutely reliable. Hesse has modilied 
his former high opinion of the method, and points out that it is invali 
dated by the presence of hydroquinine, which is invariably present in 
commercial quinine sulphate, and is not separated by converting the 
bases into tartrates. K. Linger ( J. Pharm, Cliint., 1904, 19, 4-7 
444) condemns Dudeman’s method, but states that the mixture of 
quinine, cinchonidine, and cinchonine sulphates may be accurately 
estimated optically if the mixture be recrystalli.sed, a saturated solution 
of quinine sulphate being em[)loyed as solvent. THe cinchonine sul- 
phate remains in solution and is filtered otT. d'hc purified quinine and 
cinchonidine sulphates are then converted into tartrates, the o{)lical 
rotation of which is estimated by Oudeman’s method. 

The presence of P f of hydrixjuinine sulphate reduces the rotation 
to the same extent as 0.42^^, of the cinchonidine salt, and its presence 
accounts for the excessive and discordant figures for cinchonidine 
often obtained by those who rely on the optical method of assay. 
Hydrociuinine cannot be perfectly scqiarated from quinine by .several 
repeated recrystallisations of tlie neutral sulphate, but it can be com- 
pletely got rid of fiy converting the alkaloid into the acid sulphate and 
recrystallising this from water or alcohol, when the hydroquinine 
remains in the mother-liquor. 
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For the optical assay, Koppeschaar {Zcitsch. and. Chem., 18S5, 24, 
■’/)2) recommends that the (piininc and cinchoiiidine should be con- 
verted into tartrates by precipitating the neutral solution witli Rochelle 
sail, and the precipitate washed with a little cold water and dried at 
1 2 1^0'^; 0.400 grm. of the dry product is then dis.solved in 3 c.c. of 
normal hydrochloric acid, and the solution diluted with water at 15^ 
to a volume of 20 c.c. 'I'he solution is placed in a jacketed tube kept 
at I and tlie rotatory j)Ower ob.served l)y a polarimeter employing 
monochromatic (sodium) light. From the angular rotation the 
s{)ecilic rotator)' power of the tartrate is then calculated by the formula 

S = where S is the specific and a the angular rotation, and I 
2/ 

tlie length of the tube in decimetres. From the figure thus obtained, 
the ])ercentage of (quinine tartrate, .r, in the mixed tartrate may be 
a.scertained by the following (Koppeschaar’s) formula: 

ioo(S- 137.67) 

" 82.4 

Karh 1° of diminution in the specific rotation below 220.07° cor- 
responds to about 1.2^^,'; of cinchonidine tartrate in the mi.xed tartrates, 
rhe angular rotation is diminished 1)}’ 0.077° only by the presence of 
i' '( of cinchonidine tartrate. Notwithstanding tiie extreme accuracy 
of observation necessary, Hooper {Pharm. J 1886 [i/i], I 7 » bi) 
has found the optical estimation of quinine in the mixed tartrates 
to !>;ive very .satisf actor)'' results. IIc.sse found the specific rotation of 
quinine, hydrocpiinine, and cinchonidine tartrates, for Oudemans 
loiH entration R, to be respectively, —212.5°, —176.9°, and —132.0°. 

lor the detection of ciniJioninc^ or quitiidine in quinine sulphate, 
Ih'sse proposes to dry the salt at 100°, and agitate i grm. ^\itlI 
FS c c. of chloroform free from alcohol. I he liquid is passed 

through a small filter. If 10 c.c., on evaporation at a gentle 

luait, leave an amorphous residue weighing more than .035 grm., 
<inchonine or quinidinc sulphate is certainly present. If the 
residue be cr)'stalline and less than the above weight, it may 

be tested for the foreign alkaloids by heating it with 5 c.c. 

'vater, adding 0.5 grm. of potassium sodium tartrate, cooling, 
filtering from the precipitated quinine and cinchonidine tartrates, and 

' ' A'':CnrdtnR to Laborde (PW»«. 13.684) the presence of cinchonine 

lau ri.-iiiy alters the physioloKicat cllecls of quinine 
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mixing the filtrate with an equal volume of ammonia. If quinidiiu- 
or cinchonine be present, a precipitate will be formed, and may lx; 
further examined by agitation with ether (sec page 541), or by treat- 
ment with potassium iodide (see page 522). Cinclionidine sulphate, 
if present, will remain undissolved by the chloroform, but will swell 
up into very bulky needles, which suck up the chloroform like a 
sponge and do not yield it again witliout pressure. 

L. Schiifer {Arch. Pharm., 1887, 225, 64, 1033) has described a 
method of testing commercial quinine sulphate, based upon the pre- 
cipitation of the boiling aqueous solution by neutral potassium oxalate. 
After cooling and filtering, tlie filtrate is tested by addition of sodium 
hydroxide. 

O. Schlickum (Arch. Pharm., 1887, 225, 128) has investigated 
DeVrij’s chromate method (page 514), and finds it applicable, under 
certain conditions, to the examination of quinine sulphate. On pre- 
cipitating a solution of this or other neutral quinine salt with neutral 
potassium chromate, and filtering after four or more hours, the filtrate 
remains clear on addition of sodium hydroxide, if the quinine salt was 
pure. In presence of 1.5% of cinchonine sulphate, or 1% of tlie 
quinidine or cinchonidine salt, a turbidity is produced at once or after 
a time. 

A criticism of the accuracy of the various methods proposed for 
estimating quinine has been given by W. Hille (Arch. Pharm., 1903, 
241, 54-110). 

A test for the purity of quinine sulphate, devised by Hesse and 
adopted by most pharmacoprtias, consists in heating i grm. of tlie 
sam[)le for a short time to 40-50% in 7 c.c. of a mixture of 2 volumes of 
chloroform and i of absolute alcohol. If the sample be pure it is 
completely dissolved, and the solution remains quite clear on coolini^. 
Sulphates of other cinchona bases and various organic and inorganic 
impurities remain in.soluble (compare page 525). 

A somewhat similar test has been described by E. Ilirschsohn, 
according to which 0.2 grm. of the quinine sulphate should be briskly 
agitated with 5 c.c. of a mixture of 30 parts of petroleum ether of 
0.680 sp. gr. with 70 parts of chloroform. The licjuid is filtered, and 
diluted with 3 or 4 times its volume of petroleum ether, when an 
admixture of 0.1% of sulphates of other cinchona bases will give ri>c 
to a turbidity or precipitate. 

For the detection of amorphous alkaloid in commercial quinine 
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nilphatc, De Vrij recommends the following method: The sample is 
dissolved in dilute acid, and shaken with ammonia and ether for 
estimation of total alkaloid. Sutlicient N / 10 oxalic acid is added to 
the ether-residue to convert the alkaloid into neutral oxalate, and the 
li(iuid is evaporated at a steam heat and the residue thoroughly dried 
in the water-bath. It is then dissolved in chloroform, and the liquid 
filtered if necessary. The clear solution is next treated in a test-tube 
with a few drops of water, when crystals of quinine oxalate will appear 
in the chloroform. If the sample were pure the aqueous layer will 
remain clear and uncoloured, but if amorplious alkaloid be present 
it will be dissolved by the water and colour it yellow. 

Quinine Hydrochloride. — Ilydrochlorate of quinine. B,HC 1 , 
1'his salt forms long asbestos-like prisms containing 21120 which 
become anhydrous at loo*^ without previously melting. The dehy- 
drated salt fuses at 158-160® without change, and is not converted 
into quinicinc, as stated by Pasteur (Hesse). If an aqueous solution 
of (juinine hydrochloride saturated at 15° be allowed to stand for some 
time at about 0°, large octahedral cr>'stals containing 3H3O separate 
out. 

All the pharmacopoeias state that quinine hydrochloride contains 
21120, but the salt met with in commerce usually contains about 8;q 
of water, and consequently contains about 82^, c 0^ quinine against 
73.5% in the ciy^stallised sulphate. Quinine hydrochloride is soluble 
in about 40 parts of cold water, in 3 parts of cold alcohol (90^ ( ), in i 
part of boiling water or alcohol, and in 9 parts of cold chloroform, 
riic anhydrous salt is ver}' soluble in chloroform. Quinine hydro- 
chloride is very frequently substituted for the sulphate, on account of 
iis greater solul)ility and purity. Thus it is used in making the Tinc- 
ture of (luinine, British Pharmacopaia. ITe hydrochloride is tlic 
more expensive salt, owing to the increased ditliculty of crystallising 
ami the high percentage of (jujiiine contained in it. 

Quinine hydrochlorides may be prepared by acting on the sulphate 
with barium chloride. Hence it is aj)t to contain eillier undecomposed 
quinine .sulphate, or el.se barium chloride. The latter impurity is, 
of course, very objectionable. 

d'hc official method of the pliarmacopadas for tJic assay of quinine 
%drochloride is a modification of Kerners test. 2 grm. of the hydro- 
chloride arc di.ssolvcd in 20 c.c. of hot water together with excess of 
powdered sodium sulphate. 'Phe mixture is cooled to 15°, and the 
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test carried out as for quinine sulphate (sec page 520). The method 
is obviously a faulty one on account of quinine sulphate being almost 
insoluble in a solution of sodium sul|)hate, and more soluble in a 
solution of sodium chloride than in water, both of which conditions 
arc present in the test. Quinine hydrochloride is more likely to he 
contaminated with the similar salts of cinchonine and quinidine than 
with the hydrocldorides of cinchonidine and homocinchojudinc. 

Quinine hydrochloride has on several occasions been accidentally 
mixed witli or replaced by the corresponding salt of morphine. 'J'he 
impurity may be detected by warming the salt with dilute nitric acid, 
which acquires a yellow or red colour if morphine be present; or the 
salt may be placed in a porcelain crucible and moistened with very 
neutral ferric chloride, which will produce a green or blue colour if 
morphine be present. The production of a blue colour with mixed 
solutions of ferric chloride and potassium ferricyanide (page ^84) is abo 
well adapted for the detection and approximate estimation of morphine 
in presence of cinchona bases. Lastly, the aqueous solution of the 
salt may be treated with ammonia and agitated with a small quantity 
of ether, when any morpliine (or cinchonine) will remain undissolved. 

Quinine Dihydrochloride. A cid Ilydrochlorate of Quinine, B.2IICI. 
This salt forms a white crystalline powder, soluble in 0.75 parts of 
cold water, 5 parts of alcohol, or 7 parts of chloroform, and is insoluble 
in ether. According to the official formula the salt should contain 
12% of water, corresponding to 3II2O, but as met with in commerce 
it contains only 3 to 5% of water. From absolute alcohol it is obtained 
in fine needly crystals containing ill20 wffiich is rapidly lost on exposure 
to warm air. From dilute alcohol prismatic crystals are obtained con^ 
taining i molecule of alcohol and i molecule of water, the alcohol of 
crystallisation being lost on drying at 37®. 

There is an increasing demand for this salt for subcutaneous use. 

The remarks on the assay of the hydrochloride apply also to the 
assay of the dihydrochloride. 

Quinine Hydrobromide, BHBr+IIjO. The salt forms white 
silky crystals which are effiore.scent. It is soluble in about 50 parts 
of cold water, in 0.7 parts of alcohol, 10 parts of chloroform, i part 
of boiling water, and in glycerin. Its solutions, are not, as has been 
stated, fluorescent. It begins to fuse at 152° forming a syrupy liquid 
at 200°. 

Quinine Dihydrobromide. Acid Hydrobromale of Quinine, 
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2O. This salt forms yellowish prismatic crystals or 
powder, soluble in 7 parts of cold water, very soluble in boiling 
water and in alcohol, but insoluble in ether. The hydrated salt 
melts l)ctwecn 81 and 82®, 

Quinine Carbonate, B2H2C()3 + H 20 , is obtained by passing 
carbon dioxide into water containing freshly precipitated quinine 
hydrate, and exposing the resultant solution to the air. If forms 
translucent needles, efflorescing rapidly in the air, decomposing at 
iio'^ and soluble in water or alcohol but insoluble in ether. 

Quinine Chromate, B2II2C >(),+ alhO. 'Ihe anhydrous salt 
rapidly re-absorbs 21120 on exposure to air. It is solulde in 2,400 
parts of water at 15° and in 160 parts of boiling water, and has been 
recommended by De Vrij for the estimation of quinine (page 514). 
It becomes anhydrous at So'^, and decomposes at a higher temperature, 
at 100*^ turning a bronze-green colour. 

Quinine Oxalate, B2ir2C20, + 6Il30, forms delicate needles 
soluble in 1,040 parts of water at lo'^. The o.xalates of the other 
fre(juently occurring cinchona bases are comparatively easily soluble, 
and L. Schafer has based on this fact a method of separating small 
proportions of these bases from quinine (page 526), 

Quinine Valerate forms colourless rhomboidal plates, having a 
pearly lustre and a faint odour of valeric acid. It is not deliquescent, 
and fuses at a low temperature. Quinine valerate requires no parts 
of cold or 40 of boiling water for solution, and is easily soluble in 
alcohol. It is liable to contain much Uic same impurities as the sul- 
phite (.sec page 520). Sulphate and hydrochloride of quinine, and 
valerate and acetate of zinc arc also liable to be present. 

Quinine Tannate has come into use in medicine on account of its 
comparatively tastele.ss character. The commercial product varies 
greatly in its composition, tlic bitter taste decreasing with the amount 
ef alkaloid contained in the specimen. 

I' or the preparation of quinine tannate, Peltz recommends the pre- 
cipitation of a saturated solution of i part of quinine hydrochloride 
3 of tannin (in 10% solution ])reviously neutralised by ammonia), 
^^fter standing 2.\ hours, the washed precipitate is dried at a low tem- 
perature. So j)reparcd, quinine tannate is a yellowish-white amor- 
ph)us powder, soluble in about 50 parts of cold water or alcohol. Its 
‘Solution gives the reactions of tannic acid, 
bhi precipitating quinine sulphate with tannic acid, a mi.xed com- 
VOL. VI— 34 
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pound of variable constitution is precipitated (P. Biginelli, Gazzctia, 
1907, 37, 205; F. Mararo, Gazzetta^ 1908, 38, 427). 

The Dutch Pharmacopma of 1905 states that quinine tannate should 
be prepared by dissolving 6 parts of quinine alkaloid in 12 parts of 
strong alcohol. The solution is heated on the water-bath and 13 
parts of dry tannic acid gradually added with constant agitation. 
The quinine tannate is then precipitated by the addition of 100 parts 
of water. This process yields a tannate containing 29 to 31% of 
quinine alkaloid. 

In some cases, the quinine in the commercial tannate is largely 
replaced by other cinchona bases. The following analyses by Joh.st 
{Arch. Pharm., 1878, 212, 331; J. Ghent. Soc., 1878, 34, 678) illustrate 
the composition of commercial “tannate of quinine.’’ 
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To ascertain the proportion of total alkaloid in quinine tannate, 
Jobst powders i grm. of the sample and mi.xes it with milk of lime. 
The mixture is dried on the water-bath, and the resulting powder 
exhausted with chloroform. The chloroform is filtered, evaporated, 
and the residue weighed after drying at 120°. The alkaloid tluis 
separated can be further examined as described on page 523. d'herc 
seems no reason why the mixture of the sample with milk of lime 
should not be agitated directly with chloroform, thus avoiding the 
evaporation to dryness of the aqueous liquid. A similar proce.ss is 
adopted by vS. Neumann, who agitates the finely divided tannate with 
strong solution of sodium hydroxide and excess of ether. The pres- 
ence of solid particles in suspension, either in the ethereal or alkalim^ 
solution, shows that the sample is impure or that it has not been com- 
pletely decomposed. 

Quinine tartrate, lIjO, forms a crystalline pr^“ 

cipitatc, soluble in 910 parts of cold and more readily in hot water- 
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It becomes anhydrous at loo'^, and is the best form for observing the 
optical'activity of quinine (page 525). 

Other salts of quinine met with in commerce are the arsenate, ben- 
zoate, cacodylute, citrate, ethylcarbonate, formate, glycerophosphate, 
hydriodide, acid hydriodide, hydrofluoride, hypophosphite, lactate, 
phosphate, and salicylate. 

Quinine Citrate in combination with ferric citrate constitutes the 
Ferri et Quinince Citras, British Pharmacopoeia and United States 
Fharmacopivia. 

Iron and Quinine Citrate occurs in commerce in the form of 
thin transparent deliquescent scales, varying in colour from a delicate 
greenish golden-yellow to yellowish-brown, according to the proportion 
of ammonium citrate present. The preparation should be somewhat 
slowly, but freely and completely, soluble in cold water. It is insoluble 
in alcohol or ether. The aqueous solution has a ver)' bitter and chalyb- 
eate taste, and should be only very slightly acid. On adding ammonia 
to the cold solution, white quinine hydrate is thrown down, and the 
liquid assumes a darker colour. No ferric hydroxide is precipitated 
unless the liquid be heated, or a fixed alkali substituted for the 
ammonia. 

Citrate of iron and quinine is liable to several sophistications. 

The proportion of water in the sample may be ascertained by dr}dng 
a weighed quantity in the water-oven. It averages 8^^, and should 
not exceed 10 to 

Adulteration with potassio-citrate or potassio-iartratc of iron would 
be detected by the strongly alkaline reaction of the residue left on 
igniting the substance, a genuine preparation yielding an ash neutral 
or only very faintly alkaline to litmus paper. The substitution of 
tartaric acid for the citric acid of the sample is now improbable, but 
may be detected as described in Vol. i. 

The pro{)ortion of oxide of iron can be estimated in the pure prepara- 
tion with sufficient accuracy by igniting a known weight of the sample. 
After te.sting the ash for fixed alkali, a few drops of nitric acid should 
be added and the residue again ignited. This treatment ensures the 
complete combustion of the carbon. Citrate of iron and quinine 
ought to yield from 18 to 20^,'. of ferric oxide on ignition. more 
accurate estimation of the iron can be made in the ash, if desired. 

Excess of citric acid is indicated by the extra acidity of the sample, 
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but the commercial substance fret^uently contains a much larger pro 
portion of acid than is prescribed in the British Piiarniacopa'ia. 

Sulphates are almost invariably present in citrate of iron and 
quinine, owing to imperfect washing of the ferric hydroxide employ( d, 
or to the introduction of the quinine as sulphate instead of precipitated 
hydrate. The employment of sulphate of quinine is said to render 
the preparation liable to yield a turbid solution, but it has the ad\ an- 
tage of preventing the inevitable loss of alkaloid attending the prepara- 
tion of quinine hydrate. ^ 

The British Pharmacopaia requires that the citrate of iron and 
quinine should contain 15% of alkaloid. The following is the oflu iai 
method of testing the compound: When incinerated, with free acee>s 
of air, it leaves a residue which when moistened with water is not 
alkaline to test-paper (absence of fixed alkali).- 5 grm. dissolved in 
45 c.c. of water and treated with a slight excess of solution of ammonia 
should yield a white precipitate, which, when dissolved out by rejuniled 
treatment of the liquid with ether, and the latter evaporated, and the 
residue completely dried at 120®, weighs 0.75 grm. This precipitate 
is almost entirely soluble in a little purified ether; when burned it 
leaves but a minute residue; neutralised by sulphuric acid, it should 
answer to the characters of and the tests for quinine sulphate. 

The proportion of alkaloid in the citrate of iron and (juinine of eoni- 
merce is often notably less than the 15% required by the British 
Pharmacopeia (see Pharm. 1886 [Hi], I 7 » 234; 1888 [///], 1O1 
259; 1889 [/if], 20, 1052). Very commonly only i3(,’o is present, and 
occasionally (in Allen’s e.xpericncc) from 9 to 11%, even in the cum- 
of preparations manufactured by English firms of fairly good repute . 
Foreign specimens sometimes contain only 4 or 5% of alkaloid, and 
substitution of the quinine by other cinchona bases is common. 
Amorj)hous alkaloids arc not unfrequently present in considerable 
proportion. 

The United States Pharmacopeia states that the double citrate 
should contain at least ri.5% of dried quinine and 13.5 of metalln' 
iron. The German Pharmacopeia states that the citrate should 

' P. W, F!f t''hf’r that .a preparation made with sulphate of quinine contaity. 

caU iurn sails than when quinine hydrate is used, siiujc the calcium salts introduced 'e ' " 
water employed for washing the alkaline ferric hydroxide are retained by the latter, yi 
are subsequently pre* ipitated as calcium sulphate. inste.ail of rcmaininK in tt>e Inn: I ' ‘ 
product. _ . . , . 

* The cornnierci.tl product nearly always leaves a slightly alkaline residue, owin« to ' 
ferric hydroxide Ix-iny precipitated with sodium hydnoxidc .some (d which is held tenacioii ly 
by the precipitate. 
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contain 9 to 10% of pure (quinine alkaloid, and at least 30% of 
ferric oxide. 

Tincture of quinine, British Pharmacopaia^ was formerly directed 
to be made by dissolving 160 grains of crystallised quinine sulphate 
in 20 fluid ounces of tincture of orange-peel, by the aid of a gentle heat, 
the solution being filtered after 3 days. This was an unsatisfactory 
preparation, as in cold weather, or when too weak a spirit was used, 
it was apt to deposit crystals of quinine sulphate, and so alter in 
strength. In some cases, at least, the deposit consisted largely of 
calcium sulphate. In the Pliarmacopa ia of 1898, 17 - grains of quinine 
hydrochloride is substituted for the sulphate, so that the tincture is 
somewhat stronger than the old preparation. To ascertain the pro- 
portion of quinine in the tincture, i fluid ounce .should be concentrated, 
and shaken with ether to remove the essential oil of orange-peel. After 
removing the ether, the aqueous liquid should be cooled, an e.xccss of 
ammonia added, and then the whole shaken witli ether in tlie usual 
way (see page 199). 

Wine of quinine, British Pharmacopa'ia, contains i grain of quinine 
hydrochloride in each fluid ounce of orange wine. It is apt to be 
deficient in alkaloid or the quinine may be replaced by other cinchona 
alkaloids. For its assay, 2 fluid ounces may be concentrated to 1/ 2 
ounce, and then treated like the tincture of quinine (see above). If 
the alkaloid prove insoluble in ether, a mixture of chloroform and amyl 
alcohol must Ixj substituted for the ether. 

Ammoniated tincture of quinine, British Pharmacopaia^ is 
obtained by mi.xing 2 fluid ounces of ammonia (sp. gr. 0.959) with 
18 fluid ounces of 90% alcohol, adding 175 grains of quinine sulphate, 
and shaking until a clear solution is produced. It is assayed in a 
similar manner to wine of quinine (see above). 

Hydroquinine, CjoIIngOoNj, was discovered by Hesse {Ber., 1882, 
15, 856) in the mother-liquors from which quinine sulphate had been 
crystallised, and subsequently in the commercial salt itself, in which 
it is sometimes present to the e.xtent of 4%.* Quinine can only 
partially be freed from hydroquiiiine by repeated crystallisation of the 
neutral sulphates, but the hydroquininc can be completely separated 

’ The proportion of hydroquininc in the iiark is very small, and bears no const.snt rela- 
''"'1 lo that of the quinine. To obtani the hydroquinine pure the alkaloids shovuil be 

l" :iU;dly crystallisca as acid sulphates, the residual quinine destroyed at o"’ by potassium 
1’‘ ' uianfianate, the hydroquininc liberated from the filtered liquid by sodium hydroxide, 
' '^'1 acted with ether or chloroftxm, and the neutral sulphate repeatedly recrystalliscd from 
o"ilinjj water. 
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by converting the alkaloid into the acid sulphate and recrystallising 
this from water or alcohol, when tlic hydroquiiiinc remains in ihe 
mother-liquor. 

As precipitated from a cold solution of a salt by sodium hydroxide, 
hydroquinine is amorphous, but gradually becomes crystalline, lu 
the latter condition it contains alljO, which i.s driven oS at 115^ 
From chloroform and ether the alkaloid crystallises in delicate con- 
centric groups of needles. 

The anhydrous alkaloid melts at 172°, with decomposition. 

Hydroquinine dissolves readily in alcohol, ether, chloroform, ben- 
zene and ammonia, but not in alkali hydroxide solutions, and is only 
very sparingly soluble in water. 

Ilydroquinine resembles quinine in its lacvo-rotation, lluoresceine 
of its acid solutions, behaviour with tlie thalleioquin test, and in its 
physiological action. It differs from quinine by only very slowly 
decolourising a solution of potassium permanganate. 

Crystalline compounds of hydroquinine with cupreine, quinidine, 
cinchonidine, and some other cinchona bases have been obtained; but 
not with cinchonine or hydrocinchonine. 

Ilydroquinine has the usual well-marked basic characters of the 
cinchona alkaloids, and forms neutral and acid salts. 

The sulphate, B2II3SO4 + 6II2O, forms short prisms, soluble in 
348 parts of water at 15°. The .salt BH3SO4 forms long needles, veiy 
soluble in water. Heated to 140*^ the acid sulphate is converted inio 
the corresponding salt of its isomer hydroquinicinc, but with dilute 
sulphuric acid this change docs not occur. 

The tartrate crystallises with zH^O in prisms which become anliy- 
drous at 120^^ and are soluble in 545 parts of water at 17°. 'l lie 
chromate is more soluble than the quinine salt, but crystallises with ib 
and can only be partially separated by boiling with water. BIK 1 
2H2O is readily .soluble. On mixing its solution with potas.sium iodid>\ 
the hydriodidc separates as an oily ma.ss which gradually .solidilies but 
does not become cry.stallinc. The acid salt, B (111)2 + 41120, ciystul 
Uses in brilliant yellow needles, readily soluble in hot water to a colour- 
less solution, from which the yellow salt separates again on cooling 

When heated to 140® with strong hydrochloric acid, hydroquiniu^- 
loses a methyl group, and is converted into hydrocupreine, Cii,H2/32^ ? 

Hydroquinicinc neutrali.ses achls completely and forms soiuo 
crystallisablc salts. When an ethereal solution of the base is gradually 



QUTNTDINE. 


535 


mixed with a solution of oxalic acid in ether, neutral hydroquinicine 
oxalate is formed as an amorphous brown mass, readily soluble in 
chloroform; whereas the oxalate of quinicine, obtained similarly, 
forms a voluminous precipitate, consisting of very minute needles. 

Quinidine. Conquinine. C20H24O2N2. 

This base is isomeric with quinine, and occurs frequently in cin- 
chona barks (especially Cinchona Pitaymsis) in association with 
quinine and other alkaloids. It also occurs in cuprea bark. 

()uinidinc (sec also page 194) crystallises from alcohol with 2.5H2O 
in large monoclinic efhorcscent prisms or needles. From absolute 
alcohol it crystallises in large prisms enclosing i molecule of alcohol. 
From ether permanent rhombohedra containing 2H2O arc obtained, 
and from lx)iling water permanent plates with i.sIIjO. The whole 
of the water is driven off at 120®. It separates from benzene in 
anhydrous needles which melt at 171.5®, with decomposition. It is 
soluble in 2,000 parts of water at is'', in 22 parts of ctlier at 20°, in 
26 parts of alcohol at 80°, and is not very soluble in chloroform, 
benzene, or carbon disulphide. 

Quinidine is strongly dextrorotatory, its solutions in 97%. alcohol 
giving [a] = + 236.77 — 3.01 r, where c—i to 3. 

(Quinidine resembles quinine in its taste and physiological effects 
in being deposited in hydrated ciy'stals from alcohol, in its tolcrabl 
ready solubility in ether, in giving the thalleioquin reaction, and in the 
fluorescence of its solution in dilute sulphuric acid. It is distinguished 
from quinine by the permanent bulky precipitate its solutions yield 
on successive treatment with chlorine water, potassium fcrricyanide, 
and ammonia; by the very sparing solubility of its hydriodidey and by 
its solutions being dextrorotatory. 

Quinidine Sulphate, B2H2SO44-2II3O, crystallises in white 
needles or long hard prisms which require 108 parts of cold or 7 of 
boiling water for solution. It dissolves in 7 parts of cold alcohol, and 
in 20 of chloroform, but is almost insoluble in ether. The salt differs 
from the sulphates of tlie other cinchona alkaloids in requiiing a tem- 
perature of 120° to render it anhydrous, and in readily taking up the 
water again in moist air. 

Quinidine sulphate is an official remedy in France. It is e.xamined 
for other alkaloids by a test slightly modified from one devised by 
Dc Vrij {Pharm. J., 1877 [Ui], 8 , 745)- who utilises the fact that 
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quinidine hydriodidc requires 1,200 parts of water for solution. To 
test the purity of the commercial sulphate of quinidine, 0.5 grm. k 
dissolved in 10 c.c. of water at 60°, and an equal weight of iodide of 
potassium free from any alkaline reaction added. If the sample be 
pure, quinidine hydriodidc is precipitated on stirring and cooling as a 
heavy sandy powder, and if the liquid be allowed to stand for half an 
hour with frequent agitation and is then filtered, addition of i or 3 
drops of ammonia will cause no turbidity in the clear filtrate. A slight 
turbidity indicates a trilling admixture of other alkaloids, but if a 
decided precipitate occur the alkaline liquid .should be shaken with a 
mixture of amyl alcohol and chloroform, or chloroform only, and 
the solvent evaporated to ascertain the proportion and nature of the 
admixture, which may be cinchonidine or (juininc, but is usually 
cinchonine. The appearance of the precipitated hydriodidc is some 
indication of the presence of impurity, as in the presence of cinchonine 
or cinchonidine it is resinous instead of being sandy. 

For tlie detection of inorganic impurities (e. g., calcium or sodium 
compounds) in commercial quinidine sulphate, Hesse treats i grm. 
of the sample with 7 c.c. of a mixture of 2 volumes of chloroform with 
I of alcohol of 95%. Complete solution will take place in the absence 
of impurities. 

The presence of cinchonidine sulphate in the quinidine salt may be 
detected by treating the sample with pure chloroform Unless only a 
very small proportion of the impurity be present, part of it will remain 
undissolved. Smaller quantities may be detected by shaking the 
chloroform solution with cold water, in which the whole of the cin- 
chonidine and part only of the quinine salt will dissolve, and tlie former 
will be precipitated on addition of Rochelle salt. 

A solution of quinidine sulphate in chloroform is at first colourless, 
but on keeping becomes yellow with a slight green reflection. On 
shaking this solution with water, the colouring-matter is extracted 
and the aqueous liquid shows a magnificent green fluorescence. 

Quinamine. Chinamine. Ci^H2403N2. 

This alkaloid was first discovered by Hesse in the bark of Cinchona 
succirubra, and has since been detected in C. officinalis^ rosulenta, and 
several varieties of Cinchona Calisaya, parikuhrly Led geriana.^ 

> The mother- liquors from the crystals of quinine sulphate arc precipitated with Rochelle 
salt, the filtrate treated with ammonia, and the precipitate washed with ether. The ethe- 
real washings are treated with acetic acid, the liquid neutralised, and while warm treated 
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Quinaminc crystallises in delicate hair-like anhydrous needles, 
which melt at 172°. in 2' ; alcoholic solution alcohol) 

is 1-104.5° 

Ouinaminc is nearly insoluble in cold water, more readily in boiling. 
Hot alcohol dissolves it freely. It also dissolves in boiling ether, 
petroleum spirit, and benzene. 

Quinamine itself is almost tasteless, but its solutions in acids are 
very bitter. The solution in excess of dilute sulphuric acid exhibits 
no lluorescence. Acid solutions of quinaminc arc very prone to 
decomposition with formation of an amorphous alkaloid called quin- 
amidine, isomeric with quinaminc. Quinamicinc is also formed 
and under certain conditions apoquinaminc, results. 

Wlien tested with chlorine or bromine water and ammonia, solutions 
of quinamine yield a yellowi.sh amorphous precipitate, but no green 
colour. The solid alkaloid, when moistened with strong nitric acid, 
gives a yellow colouration. 

Conquinamine, C'ioIl2402N2, occurs with quinamine, but in 
smaller proportion. It may be separated from the latter base by 
fractional crystallisation of the nitrate.s, oxalates, or hydrobromides, 
the conquinamine salts being in each case the less solul)le {Annakn, 
1881, 209, 38, 62). Conquinamine forms colourless or golden- 
yellow tetragonal cr)-stals, m. p. 121-123°, ^^^rsily soluble in ether, 
chloroform, and benzene. -f 204.1° for a 4% solution in 

absolute alcohol (Oudemans, Annalaiy 1881, 2og, 46). 

•T iljO is very soluble. The aurichloride is a yellow precipitate, 
becoming purple. Conquinamine closely resembles quinamine. 
When heated with concentrated hydrochloric acid, it yields 
apociuinamine, CiJIjjONT. 

Cinchonidine. CijiHojONj.* (Sec also page 499.) 

This base is contained in several species of cinchona, but is especially 
characteristic of the red bark of C. succirubra. It was formerly con- 
fused with quinidinc, and the name conchinine was used to distinguish 
them. 

potassium thiocyanate, till on coolinR cinchonine can no longer be detected. Quini- 
'''nc is then precipitated, together with colouring matter. The lUtered liquid us treated 
With Sodium hydroxide, and the resinous precipitate dissolved in a minimum of hot SoVo 
which quinaminc crystallises on cooling. 

Cinchonidine was formerly believed to contjiin C?oH?40Ni; but its conversion by heat- 

with concentrated hydrochloric acid into apocinchonidine, CisHjjONi, without forma- 
i'>n of methyl chloride, and analyses of hydrochloride, sulphate, and platinichloride es- 
tablish the formula given in the text. 
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Cinchonidine crystallises in short anhydrous prisms or thin plates, 
soluble in i6 parts of alcohol and i88 of ether. It is readily soluble 
in amyl alcohol and chloroform. It is kevorotatory, (where 

c=4), in chloroform solution being — 70.0° (Hesse) ; while in dilute 
hydrochloric acid solution (c=5) [<r]'^== —174.6°. In 97% alcohol 
= — 107.48 + 0.297 where c=i to 5. 

Cinchonidine resembles quinine in the sign of its optical activity, 
in the insolubility of the anhydrous neutral sulphate in chloroform, 
and in the sparing solubility of the tartrate in water. According to 
Hesse, it forms a crystalline compound wdth quinine containing 
C20H24O2N2+ 2 Ci 9H220N2. It is distinguished from quinine by 
its lower specific rotation, its more sparing solubility in ether, its non- 
fluorescence, by not giving the thalleioquin reaction, and by the greater 
solubility of its neutral and acid sulphate and iodosulphate. 'I'he 
accurate separation of cinchonidine from quinine presents great 
difljculties, and is discussed at length on page 523 et seq. Cinchonidine 
has only about two-thirds of the therapeutic activity of quinine. 

Cinchonidine is isomeric ^\'ith cinchonine, from which it differs 
by its laevo-rotation ; its greater solubility in ether; the insolubility 
of its tartrate in water; the insolubility of the anhydrous sulphate in 
chloroform; and the formula of the crystallised sulphate. 

By boiling cinchonine with potassium hydro.xidc and amyl alcohol 
part of the alkaloid is converted into cinchonidine. (Koenigs and 
Husmann, Ber.^ 1896, 29, 2185.) 

The following table shows the formula! and solubilities of the prin- 
cipal salts of cinchonidine: 


Solubility in watrr 


Salt 

! 1 

1 Formula 

i 1 

1 

Appearance j 

' ■ 

Cold 1 

Hut 

Hydrochloride 

BHCl+rlljO. 

Double pyramids 
or octahedra. 

30 

Readily 

sulul.lc. 

Hydrobromide . . 

BHBr + iH; 0 . 1 

Long colourless 
needles. 

40 

Freely 

soluble. 

Sulphate 

i ILH2SO4 + XHJO. 

i j 

Silky lustrous nee- 
dles. or thin quad- 
ratic prisms. 

100 

4 

Oxalate 

! B 7 H 7 C 204 + 6H20. 

Prismatic crystal- 
line powder. 

953 at rg” 


Tartrate 


Crystalline precip- 
itate. 

1365 at 10** 


i 

^ 





CINCHONIDINE. 


539 


Cinchonidine sulphate, is remarkable for the number 

of hydrates it is capable of forming. From a moderately concentrated 
aqueous solution it crystallises with 61120 in brilliant needles; from 
a hot and concentrated aqueous solution in hard prisms or acicular 
silky crystals containing 3H2O (oflicial in the British and United Stales 
Pharmacop(rias)\ and from alcohol in tine prisms with 2H2O. A 
hydrate containing 5H2O has been described by Hesse. ^ The hexa- 
hydratc is somewhat efilorcscent. All water is lost at 100°, and 2H2O 
re absorbed in moist air. 

Cinchonidine sulphate is sometimes contaminated with an admixture 
of the corresponding salts of cinchonine and quinidine. To detect 
these, Hesse {Zeilsch. anal. Cheni.y 1876, 15 , 464) dissolves 0.5 grm. 
of the salt in 20 c.c. of water at 60® and adds 1.5 grm. of Rochelle salt. 
A crystalline precipitate of the .sparingly soluble cinchonidine tartrate 
is produced. After standing i hour the liquid is filtered, and the 
filtrate tested with a drop of ammonia. Any turbidity or precipitate 
is due to the presence of more than 0.5% of cinchonine or 1.5% of 
quinidine. These may be distinguished by treating the filtrate with 
potassium iodide as described on page 526. 

Hager recommends the use of o.i grm. of cinchonidine sulphate, 
0.3 of Rochelle salt, and 20 c.c. of cold water. The liquid is frequently 
agitated, filtered after i hour, and tested witli a few drops of ammonia. 
As thus performed, the test is less strict than that of Hesse, but perhaps, 
on that account, is better suited for medicinal purposes. 

The precipitate of cinchonidme tartrate obtained in the above tests 
is .soluble in about 1,200 parts of cold water, but almost wholly 
insoluble in a strong solution of Rochelle salt. After drying at 100°, 
it contains 80.84% of cinchonidine. It will contain quinine if any 
of that base were present in the sample. In such case the solution of 
the precipitate in excess of dilute sulphuric acid will be notably 
lluorescent. 

Hesse has also proposed to distinguish the sulphates of the cinchona 
bases by their behaviour with chloroform. The anhydrous neutral sub 
phates of quinine and cinchonidine are almost insoluble in alcohol- free 
chloroform, while the corresponding salts of cinchonine and quinidine 
dissolve readily (see pages 525, 536). Cinchonidine sulphate requires, 
when anhydrous, 300 of boiling or 1,000 parts of cold cliloroform, the 

‘ Five commercial samples of cinchonidine sulphate examine<l by A. B. Prescott, lost, 
‘it 100°, proportions of water rangingfrom 6.36 107.04%. BsH:S 0 « + 3n20 requires 7 - 3 o%* 
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undissolved portion becoming gelatinous. In the presence of cincho- 
nine or quinidine sulphate its solubility in chloroform is increased. 
It is soluble in loo parts of cold water, 6o parts of alcohol, and is 
almost insoluble in ether or benzene. The anhydrous salt melts at 
205°, with decomposition. 

The presence of quinidine and quinine in cinchonidinc sulphale 
can be recognised by tlie thalleioquin reaction and the lluorescence of 
the solution in dilute sulphuric acid. 

Homocinchonidine, (see also page 499), accompanies 

cinchonidinc in many cinchona barks, especially that of C. rosuknla, 
and passes into the dark sulphate mother-liquors in the quinine 
manufacture. It cr}’stallises from alcohol in anhydrous prisms, or 
from a dilute solution in leatlets, almost insoluble in water, but soluble 
in chloroform. B2H2SO4+6II2O cry’stallises from hot water in white 
needles, but from strong solutions the salt separates as a white mass, 
which after drying resembles magnesia. 

Hesse states that homocinchonidine is an essentially difTerent sul)- 
stance from cinchonidinc, and that it is not possible to convert one 
into the otlier. The Uvo bases may be separated by fractional crystal- 
lisation of their sulphates from aqueous solution. Homocinchonidine 
sulphate to which has been added 1% of quinine sulphate crystallises 
in the form of cinchonidinc sulphate, and, by many chemists, it is 
regarded as a pure form of the latter salt, the only point of difference 
being the crystalline form. 

Hydrocinchonidine, Cjgllj^ONj, occurs in the mother-liquors 
from cinchonidinc sulphate. It cr)'stal!ises from dilute alcohol in 
leaflets, and from al)soIute alcohol in short anhydrous prisgas, m. j). 
230°. It is less soluble in alcohol than cinchonidinc, and is almost 
insoluble in water, ether or chloroform. It is locvorotatory, and is 
identical with cinchamidine. 

Cinchonine. Ci,H220N2;orC„HeN.CH2.C7H,o(OH)(CII=CH2)N.* 

This important alkaloid is almost invariably present in cinchona 
barks. When the free bases are crystallised from alcohol the cincho- 
nine is deposited largely before the quinine; unless the latter base is 
present in relatively large amount, in which case the greater part 
should be previously removed by crystallising the sulphates. 

Cinchonine crystalli.scs from alcohol in anhydrous shining prisms 
or needles. It melts at 264° to a colourless liquid, and partially 

’ The constitution of cinchonine is discussed on page 501. 
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sublimes at a higher temperature. According to Hlasiwetz, it may be 
readily sublimed in a current of hydrogen or ammonia. 

Cinchonine is soluble in 3,670 parts of water at 20°, and in 2,500 
at 100°. I part of cinchonine dissolves in 120 parts by weight of cold 
rertified spirit or 28 of boiling alcohol, in 350 parts of chloroform, in 
371 of ether, and in 109 })arts of amyl alcohol. It requires only 
about 13 parts of a mixture of 6 grm. of chloroform with i of rectified 
spirit, and is soluble in 23 parts of a mixture of 4 of chloroform and i 
of amyl alcohol. 

A. B. Prescott found the following to be the soluliility of cinchonine 
ill (lilleront physical conditions, and at the boiling-point of the solvent: 


Conditinn c>{ 
alkaluul 


Parts by woiRht of washed solvent required 


ICther Cliloroforin Amyl alcoliol Penzene 


Crystallised 

71 *) ! 

828 



ATiiorjihous 

, . , } 

1 



“ .Nascent, . , 

<;2() j 

1 

17S 

22 1 

1 37.6 


It will be .seen from these results that amyl alcohol is by far the best 
solvent for cinchonine, except a mixture of amyl alcohol and chloroform. 
On the other hand, ether is the best solvent for elTecting an approxi- 
mate separation of cinchonine from quinine. 

When heated to a high temperature with an alkali, cinchonine 
yields quinoline, ('JI^N, together with other products. With iodine 
trichloride, cinchonine yields a yellow precipitate. 

( indionine is not precipitated in the cold from a solution containing 
tartaric acid by adding .sodium hydrogen carbonate. On heating 
the liquid, however, carbonic acid evseapes and cinchonine is separated. 

Cdnchonine is not precipitated from a dilute neutral solution by 
Pochelle salt, its tartrate being .soluble in 33 parts of cold water. 

d'he precipitate formed by ammonia in solutions of cinchonine is 
not soluble in cxce.ss of the reagent. The precipitate is amorphous 
when first produced, but .speedily becomes crystalline. 

Cinchonine is sharply distinguished from quinine by tlie very 
Jimited solubility of the free base in ether, by the solubility of the anhy- 
<lrous neutral sulphate in chloroform, by tlie solubility of its neutral 

' To obtain the alkaloid in tho '' n.asccnt’' state, the solvent was added to its snlphuric 
yd solution, which was then warmed to the b. p. of the former. The liquid was next made 
^I'tilitly alkaline with ammonia, shaken, kept warm for s minutes, and filtered. 
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tartrate in water, by its failure to give the thalleioquin reaction, by its 
dextrorotator)’ power, and by the non-fluorescence of its solution in 
excess of dilute sulphuric acid. Methods of detection and separation 
based on these facts are given on pages 520 and 521. 

Cinchonine sulphate, (01911220X2)21^3804+21420, forms short, 
hard, shining, clino- rhombic prisms, with dihedral summits. The 
salt becomes anhydrous at 100°, and melts with partial decomposition 
at about 200°. Cinchonine sulphate has a very bitter taste, dissolves 
in 58 parts of cold water, 32 parts of water at 80°, 10 parts of cold 
alcohol, and in 5.2 parts of alcohol at 60°. It is insoluble in ether or 
benzene. The anhydrous salt is soluble in 60 parts of cold or 22 of 
boiling chloroform, a fact which distinguishes it from the sulphates of 
cinchonidine and quinine. 

A solution of cinchonine sulphate docs not give the thalleioquin 
reaction, and is not rendered fluorescent by dilution with very weak 
sulphuric acid. 

The mode of assaying of cinchonine sulphate is sufliciently indicated 
under the head of “Quinine Sulphate” (page 517 d scq). 

Cinchonine hydrochloride, Ci9H220N2,II(-l + 2II2O, is readily 
soluble in water and alcohol, and somewhat so in ether and chloroform. 
It has been not unfrequently employed to a<lulterate sulphate of ([ui- 
nine. In such case the solution of the sample in very dilute sulphuric 
or nitric acid will give a while, curdy precipitate of silver chloride on 
adding silver nitrate. Cinchonine will be detected by the tests for 
that alkaloid. 

When heated in a dry test-tube, cinchonine hydrochloride giv(> 
purple fumes much resembling the vapour of iodine. The snlphaU^ 
of the cinchona bases do not give this reaction. 

Hydrocinchonine, or cinchotine, generally occurs 

with cinchonine, and is sometimes found to the extent of 10% in com- 
mercial cinchonine, from which it is obtained by recrystallising (lie 
alkaloid from alcohol. The alcoholic filtrate is acidified with sulphuric 
acid and treated at 0° with potassium permanganate solution till a red 
colour persists. The hydrocinchoninc is then precipitated from the 
filtrate with ammonia. 

Hydrocinchonine crystallises in anhydrous prisms, m. p. 286°. h 
is soluble in 136 parts of 90% alcohol at 15°, and in 534 parts 
of ether at 20°. It is almost insoluble in cold water, but dissolves 
notably in hot water. It is dextrorotatory. Rabe gives [a]'J = + 192.1, 
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when c = 0.406 in 99% alcohol {Annalen, 1910, 373, 100). Hydrocin- 
chonine sulphate, (CiaIl240N2)2H2S0^+ 12H2O, crystallises in clllor- 
escent prisms, soluble in about 30 parts of cold water. The hydro- 
chloride, BHCl 4-21130, crystallises in fine needles, soluble in 47 parts 
of water. 


Amorphous Cinchona Bases. 

Quinoldine is obtained in quinine factories by precipitating the 
brown mother-liquors with ammonia. When first usca quinoldine 
contained a great proportion of the alkaloids other than quinine con- 
tained in the bark, but as the processes of manufacture of the crystalline 
alkaloids have been improved it consists of the uncrystallisable bases 
in the bark in most uncertain proportions, with any quinicine and 
cinchonicine that may have been formed in the process of manufacture. 
The uncr>^stallisable bases of the bark consist largely of anhydro- 
bases. 

Commercial quinoidinc is a dark brown, brittle, “cxtractiform” 
mass, softening below 100®, and having usually a slight alkaline 
reaction. It is a product which has never been very favorably regarded 
in this countr}^ though is has received official recognition in the German 
Pharmacopceia of 1882 and tlie Uttiled States Pharmacopada of 1883, 
but has been omitted from the latest editions of both. Both works 
limit the ash to J;. By the latter it is described as almost insoluble 
in Nvater, freely soluble in alcohol, chloroform, and dilute acids, and 
partly soluble in ether and benzene. When triturated with boiling 
water, the liquid, after filtration, sliould be clear and colourless, and 
should remain so after addition of an alkali. The German Pharma- 
copoeia requires that quinoidine should dissolve clear in an equal W'eight 
of I part of dilute acetic acid \yith 9 parts of water, so as to leave 
scarcely any residue; and it must also form a clear solution with 9 
times its weight of cold dilute spirit. Quinoidinc is said to be liable 
to adulteration with mineral matters, resins, liquorice, glucose, etc., 
all of which sophistications would be detected by one or otlier of the 
above tests. 

Quinicine, C2on2403N2, is a yellowish, amorphous, anhydrous 
substance, which melts at about 60°, assuming a reddish-brown colour 
which becomes darker at 100°. It is nearly insoluble in water, but 
has a bitter taste. The alcoholic solution has a strong alkaline reaction. 
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and absorbs carbon dioxide from the air. The alkaloid is readily sol- 
uble in chloroform or ether. Quinicine gives a green colouration 
when treated in solution with chlorine- or bromine- water and ammonia, 
but is distinguished from quinine and quinidine by producing a white 
amorphous precipitate witli sodium hypochlorite or solution of 
bleaching powder. In applying this test tJie liquid should be slightly, 
but not strongly, acidified with hydrochloric acid. Quinicine may 
be separated from the accompanying alkaloids by adding ammonia, 
when the ammonium salt formed dissolves the liberated alkaloid, which 
may then be recovered by agitation wdth ether. If sodium hydroxide 
be employed instead of ammonia tlie alkaloid is thro^vn down as aji 
oily mass. 

A solution of quinicine in e.xcess of dilute sulphuric acid has a yellow' 
colour but e.xhibits no tluorescence. 

Quinicine forms a cr}'stalline o.xalate, bitartrate, sulphocyanide, 
and hydriodide, and double salts W'ith the chlorides of platinum and 
gold. Hesse claims to have prepared a ciystalline sulphate and 
bisulphate, but later workers have been unable to obtain eitiier of these 
salts in a cry'stalline state. Quinicine is dextrorotatory, a 2 % solution 
in chloroform giving = +44.1^ 

Quinicine solutions are not precipitated by Rochelle salt. They 
arc completely precipitated by adding excess of potassium thiocyanate, 
which throws dowm quinicine thiocyanate as an oil which subsequently 
solidifies. It is soluble in pure water, but insoluble in .solutions of 
alkaline thiocyanates. 

Cinchonicine, €^911220X2, when precipitated by sodium hydroxide 
from the solution of one of its salts, forms a yellow viscous mass readily 
drawn out into colourless strings. It li(juelies at about 50°, and at 
turns brown. At higher temperatures (c.g., 100°) it becoriKS 
dark brown, and is converted into a substance resembling “quinoidine.” 
Upon cooling it remains soft. 

In most reactions, including its behaviour with ammoniacal salts 
and with hypochlorites, cinchonicine closely resembles quinicine, and 
hence is distinguished from cinchonine and cinchonidine. It is 
distinguished from quinicine by not giving a green colour with chlorine- 
or bromine-water and ammonia. 

Uinchonicine is bitter, and in the free state has a strongly alkaline 
reaction. The free alkaloid liberates ammonia from its salts, and 
combines with carbon dioxide. It forms a crystalline oxalate, hydro 
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jren tartrate, hydriodide, and platinichloridc. It is dextrorotatory, 
a 1^0 solution of the base in chloroform or absolute alcohol giving 
iai;M-47.2°. 

Anhydro-bases. Certain amorphous bases, distinct from quini- 
cirie and cinchonicine, exist ready-formed in cinchona barks. They 
are not convertible into quinicine or cinchonicine, and appear to be 
formed by the coalescence of 2 molecules of the crystallisablc alkaloids, 
accompanied in the case of quinine and quinidine with the elimination 
of a molecule of water. Thus: 

2C2oH 24<^2^%-H20 = C^on4fl03N4. 

Quinine or Qainidine. Diquinicinc. 

2Cu)Il230X2 = 

Cinrhonitiine or Dicinchonicine. 

Cinchonine. 

The molecular formula of these alkaloids is probably not as represented 
above, since Hesse on determining the molecular* weight by the cry- 
oscopic method obtained a similar result to that given by cinchonine. 

These bases constitute the greater part of the amorphous alkaloid 
contained in commercial quinofdine. They are wholly amorphous, 
as also arc all their salts. The solution of diquinicine in excess of 
dilute sulphuric acid is fluorescent, gives the thalleioquin reaction, 
and is dextrorotator)*. Dicinchonicine docs not possess these 
rharacters. 

l)e Vrij has pointed out a distinction between quinicine, cinchonicine, 
and the natural amorphous alkaloids. If the neutral oxalates of the 
bases be rendered aidiydrous by healing at 100°, and the dry salts 
treated with chloroform, they behave in a characteristic manner. Oxa- 
late of quinicine dissolves sparingly in chloroform at the ordinary 
temperature, but freely in the l)oiling liquid. On cooling, the solution 
<leposits the greater part of the oxalate in crystals. Anhydrous 
cinchonicine oxalate dissolves freely in cold chloroform. By adding 
a few drops of water on tlie surface, the solution is transformed in a 
few minutes into a solid mass. The oxalates of the natural amorphous 
nlkaloids are very soluble in cliloroform. The solution remains clear 
on adding a few drops of water, but the water dissolves out some of 
die oxalate from its chloroform solution. The amorphous oxalate is 
^dghly deliquescent, but the oxalates of quinicine and cinchonicine 
remain unchanged in the air. 

VoL. VI,— 35 
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Alkaloids of Remijia Barks. 


The barks of tlic various species of Remijia var)" greatly in thi' 
alkaloids which tliey contain. Thus, while the bark of R. pedunruldlij 
contains quinine and the allied alkaloid cupreine, that of R. rurdicana, 
which anatomically closely resembles the former, and has been con- 
founded with it, contains no alkaloid closely related to <juinine exci j)t 
comparatively small proportions (o.i to 0.2^'^,) of cinchonine and 
cinchonamine. Cusconidine, which occurs in the bark of R. Purdit iUh!, 
is also found in that of Cinchona Pelletierana, together with cusconine 
and aricine, which two bases do not ap[)ear to be present in Remijia 
bark. The bases isolated from this bark by Hesse were (in addition 
to cinchonine and cinchonamine) concusconine, diairamine, con 
chairamine, chairamidine and conchairamidine, tJie formula* and 
certain characters of which are given on page 500.^ Concuscamidiiie 
does not ap{)ear to be a definite substance. All these alkaloids, like* 
aricine and cusconipe, contain 4 atoms of o.xygen, and form a group 
only distantly related to cinchonine and cinchonamine. Concusconine 
has the same empirical formula as cusconine, aricine, and brucine, 
and resembles the strychnos alkaloids in some of its reactions. It 
cr)'stallises with iHoO, and is dextrorotatory, wliile cusconine has 
a lower m. p., crystallises with 4II2O, and rotates to the left, ( on 
cusconine resembles chairamine and its isomers in giving a deej) green 
colouration when tlie solution in hydrochloric or sulphuric acid is 
mixed with concentrated nitric acid, a property whidi is not common 
to cusconine or aricine. Echitamine or ditainc, an alkaloid contained 
in the bark of Alstonia scholariSy- only differs by 11 , from chairamine 

* To fxtnict the whole of the iilk.aloids, ,'iinountinj; to a to trrati'd thr lint Iv 

ground hark with hot alcohol, distilled off the .solvi-nt, treated the rc.siduo with exrr . • 1 
sodiu:n hydroxide, and aviitated with ether. On shaking the separ.iled ethereal layer with 
dilate sulphuric acid, a p^de ydlijw, curdy m.a.ss (A) se|)aralefl, a jxjrtion of wliich reinaii.' 
susp'-rifled in the ether and part in the yellow acid liquiil (H). On separatin^j the latter i j ) 
and ailriiiir: very dilute nitric .acid, tinthomimine nitrate was precipitated (mixed witli ll ' 
nitrates oi souu: of the bases of Kroup A), while cinchonine reni.iincil in solution. 'I'he curdv 
precipitate C‘\) wai diKeslisl with dilute Sodium hydroxide, the liberated alkaloids w.e In 1 
and air dried, dissolved in hot alcohol, and treated with one eiyhlh of their weight "t ■ il- 
phuric acid <ll SOt). .Almost all the concu'-contne iniinediabdy precipitated as sulph.ii'', 
a small .I'tdili'ci.il 'piantity sep.aratinf: on cciolinK. Chairdinine hydrochloride was i)n i n i 
tat.erl on addirp' : tron;; hydriK hloric aiud to the cold alcoliolic mother liquor. Tlie fillr.ii'' 
from this was w, armed and treated with a little potassium thiocyanate, and the nre( ipii ''' 
of concluiirimnne thiocyanate filtercfl off. On .addinK more of the rcaii;ent, till the li cy 
coloured solution bi-came liylit brown, a riitehv m.ass ser>ar.atcd, after the removal of whi ' 

the solution wa . tr< at--d with excess <>{ ammonia arul shaken with benzene. 'I he ben/' 

was extracted with acetir: .acid, and the acetic solution treate<l with a .saturated solution ' I 
ammonium sulphate, which prei ipitatefl a mixture of the sulphates of chnirnnitiiuu' ''‘ j 
conchairamidine. separable by fractional crystalli.Sc'ition from hot water, in which tlie laii' i" 
salt is the less solulrlw 

^ Dita Hark, from Alstonia or luhites scholaris (Philippine Islands), has febrifipT I”' I" 
erties, and contains the following alk.aloids, together with several peculiar indifferent i om 
pounrls. For the extraction and separation of the .alkaloids the bark is extracted with li"' 
alcohol, the solvent flistilled off, the residue tre.ateil with ammonia and shaken with el! ' ' 
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and its isomers, to wliich it presents a considerable resemljlance. 
Ahloninc, C 21^120^^4^ 2> amorplious alkaloid, which occurs together 
with ahUmidine and porphyrinc in the bark of Alstonia cotistricta, is 
strongly lluorescent in acid solutions, and is not improbably related to 
the cusconidine group. Ile.sse suggests that geheminc, CjJIjgO.N., 
die poisonous alkaloid from the root of Celsemiurn sempervirens (yellow 
jesamine), is related to these alkaloids, and points out that the coloura- 
tion it gives with nitric acid somewhat resembles the reaction of 
concusconine. 

A full description of tlie alkaloids of Rcmijia Purdicana and Cinchona 
Pdlclicrana barks has been published by O. Hesse 1877, 

185, 296, 323; 1884, 225, 21 1;/. Chcni.Sor., 1880, 38, 328; 1S85, 48, 
(34: Pharin, 1884 [//f], 15, 772). Aricine has been re-investi- 
gated by Moissan and Langrin (Comp!. Kcnd., 1890, 1 10, 4C9). 
(dnehonamine and cupreine are described below'. 

Cinchonamine, ('ioir24d)X2 (see page 500), occurs in the bark of 
Rcmijia Purdicana (false cujirea bark), a treegrowdng in the Columbian 
provinces of Antioipiia. Its isolation is described on page 546. It is 
solulile in alcohol, ether, chloroform, benzene, and carbon disulphide 
but only sparingly in water or petroleum spirit. It is verv' bitter, 
poisonous,’ does not yield methyl chloride when heated with strong 
hydrocldoric acid, nor give a colouration with ferric chloride, or with 
tile thalleiociuin test. It is said to lie insoluble in strong hydrochloric 
acid, but dissolves in strong nitric acid with bright yellow, and in 
strong sul])luiric acid with reddish-yellow' colour. 

The hydrochloride, H.llCl, ciw'stallises in soft laminae, of a white 
glistening appearance. The sulphate, forms colourless 

Iirisms, very .soluble in water, less soluble in dilute alcohol. A full 
description of the salts of cinchonamine has been given by B. F. 
Howard and F. Ferry (/. Soc. Chem. Ind., 1905, 24, 12S1). The 


wliich (Hssolvrs the tlicttuiuc. 'rhe rrsichu' is trc.itod with solid pot.nssium hydroxide and 
nxf T.ictcd wit.li ciiloroforin. whicli is rv.-ipoiaii'il. aiul the rosidwe tre.ited with concrniratod 
liylruchloric acid, wlicn diUitnc hydrochloride separates while cchitemnc remains dissolved. 

Echitamine or DiUUne, C::lI'.’80<N: + 4ll:0. forms glassy prisms, m. p. 20 ( 1 ^ 


■ (c -j. 07'’;, alcohol). Very hitter. Moderately sohihle in water, .aleohol, and 

A stroll,; base not nreeii'ilat«'d hv aniinonia. Decomposes sodium chlmide, settii'.K 
lice sodiiiin hydroxide. Ke<liie( s I'ehlinc's .solution after boilinj; with hydrochloric .icid. 
^ oaccntiated suliiliuric acid ilis.solves tlit.unc with purple-red colour; nitne. acid kivcs a 
I'niplc-rcd, changing to green. 

Oifamine, CmlluiOjN. an amorphous powder niolting at 75'^. soluble in alcohol, ether, and 

ciiloroforni. 

Echitenine, C 'nll 'iOiN- brownisli. amorphous, melting above 120'’. Forms amorphous 
s.ill.s. 


* bee firifj Hockefontaine Krud , iSSs, 100, 366) found rinchoiiamine (sulph.ate) 

tunes as toxic as quinine, cinchoniduie, or einchoniiio. An injection of 0.25 grin, killed a 
H'linca pig in a few minutes. 
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nitrate, C19H24X2O.HNO3, forms short prisms, m. p. 195°, almost 
insoluble in cold water. The use of this alkaloid for the estima- 
tion of nitrates in vegetable tissues, and for the detection of small 
quantities of nitric acid in etlluents and mineral waters was proposed 
by Arnaud. It has been successfully employed in the form of (he 
hydrochloride for the estimation of nitrates in various inorganic and 
organic compounds by B. F. Howard and 0 . Chick (/. Soc. Chem. 
hid., 1909, 28, 53I 

Cupreine, Cu,H2202X2, or C,„ir2o(On)X30II. This interesting 
alkaloid was discovered l)y Paul and ('ownley in the bark of Cin- 
chona cuprea or Remijia pcdiinculata, a tree growing in the districts 
surrounding tlie Magdalena River and the Upper Orinoca. Since 
1881, cuprea bark has been largely used for the manufacture of (juinine^ 
but now ver}' little of this bark is ol)tainable. 

Cupreine cr)’stallises form alcohol in the anhydrous form, but from 
ether in concentric prisms containing 2II2O. When the alcoholic 
solution is diluted with water, the precipitate contains B, f JIA). 
The hydrates lose their water at 125'^, and melt at 198^. (’u[)reine is 
only sparingly soluble in ether or chloroform, but readily in alcohol. 
The alcoholic solution is la^vorotatory ([oJd'-- — i 75 - 3^1 < 97'/c 

alcohol), alkaline, gives a dark reddish-brown colouration witli ferric 
chloride, and responds to the thalleioquin test. The solution of 
cupreine in dilute sulphuric acid is not tluorescent. The free base 
precipitated by ammonia is only slightly soluble in e.xcess, and may 
be extracted by ether. WTen cupreine is liberated from a salt In' a 
fixed alkaline hydroxide, it dissolves on adding an excess of the reagent, 
forming (vrith soda) a definite crystalli.sable compouinl containing 
(■lalljiOXj.OXa, from the solution of which the alkaloid cannot be 
extracted by ether. “ This behaviour is due to tlie presence of a 
hydro.xyl group having a phenolic character (compare Morphine, 
page 356). 'Idle cupreinates of potassium and sodium are very soluble 
in water, and the corresponding compounds of calcium, lead, and 
silver have a strong alkaline reaction, and are more or less soluble in 
water. From the fact that alkalies form only mono-derivatives, while 

> For the preparation of cupreine, the crude quinine sulphate from the cuprea bark i'i 
diss<2lved in dilute sulphuric acid, excess of sodium hydroxide added, and the quinine ex- 
tracted by agitation with ether. The separated alkaline liquid is neutralised with .sulphuric 
acid, when cuiireine sulphate crystallises out. The sulpliatc is treated with ammonia aiui 
boiling ether, from which the cupreine cry.stalli.ses on cwling. 

* When cui>rcine and potassium or sodium hydroxide arc mixed in molecular proportions, 
a portion of the alkaloid (lo to 20%) i.s extracted on agitation with ether, but this may (>« 
prevented by using some excess of alkali. 
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2 atoms of the hydroxyl of cupreine can be replaced by acetyl/ it is 
probable that the hydroxyl-atoms have difTerent functions, as is the 
case with those of the morphine-molecule. 

When heated with hydrochloric acid (sp. gr. 1.125) to 140/ cupreine 
is converted into apo(|uinine, without formation of methyl chloride. 

The conversion of cupreine into quinine is de.scribed on page 195. 

Cupreine yields 2 classes of sails. I'hose of the general formula 
BA are sparingly soluble, and the aejueous solutions have a yellow 
colour, though their alcoholic solutions arc perfectly colourless. The 
salts of the formula BA^ are, as a rule, pretty freely soluble, and their 
aqueous solutions are colourless. 

Cupreine sulphate, B2H2S0^ + 6ll20, ciy'stallises in minute white 
needles, ven,^ diflicultly soluble in cold water, and insoluble in a satu- 
rated solution of sodium sulphate. BIl2S04-f lIjO crystallises in 
prisms sparingly soluble in cold water. Cupreine tartrate forms delicate 
elllorescent needles, very sparingly .soluble in cold water. Cupreine 
thiocyanate is produced on adding potassium thiocyanate to a hot 
solution of the monohydrochloride. "I'he liquid becomes turbid and 
gradually dej)Osits acicular crystals of the salt. It is very sparingly 
soluble in, and is precipitated in an oily form by, an excess of the pre- 
cipitant. 

Homoquinine. — When molecular proportions of quinine and 
cupreine arc dissolved in dilute acid, and the solution precipitated 
by ammonia and shaken with ether, the solvent deposits on evaporation 
characteristic crystals" of a molecular compound of quinine and 
cupreine containing C'2(,l 12/^2^ 10^^22^^2^2 + 41420. 1 he same 

substance is readily obtainable by precipitating a solution of sodium 
cupreinate with one of quinine hydrochloride: 

C/,II2,02N.,IIC1 ONT.OXa^^ 

NaCl +020112403X2, CjyHjjOXj.OH. 


This remarkable compound was discovered and described simul- 
taneously by Howard and Hodgkin {J . them. Soc., 11SS2, 41, 66), 
haul and Oownley {Pharm. 1881 [m], 12, 497), and W. 0 . 


• Diacetyl-cupreine, CipH’o(O.H.'iO):0 X:. was otjtaincd by Hesse by heatm^ cupreine 
with acetic anhydride to tur .i k-w hours. It lonns lu'xa^onal plates m. p .ys , and is 
‘S"lui)lc in alcohol, chloroform, and ether. The alcoholic solution is strongly alkaline, gucs 
no colour with ferric chloride, but is turned dark green by chlorine and ;um .onia. \ 
nlkali hydroxides, the base is hy.lrolysed in a few minutes with formation ol cupreine and 
Acetic acid , . ■ , 

. * Homoquinine is deposited from ether in very thin prismatic lainnw. having cliaracten.s- 
tically -shaped ends terminated with two oblique planes. 
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Wliiffen under the name of homoquininc, prior to the isolation of 
cupreine by Paul and Cownley {Pharm. J., 1884 (///), 15, 221). 
It forms salts, having dilTercnt characters from those either of quinine 
or cupreine, and is only resolved into its constituents by precipitaliin^ 
the solution with excess of sodium hydroxide, when the quinine ni.iy 
be shaken out with ether, wliile the cupreine remains in the alkaline 
liquid as sodium cupreinate. 

The analytical ditTerences between homoquininc and cupreine Innc 
been fully described by Paul and Cownley {PJiarm. Jour., 18S4 |///|, 
15, 402). 

In concluding this section the reviser desires most gratefully to 
acknowledge the help given him by Mr. David Howard, who has 
kindly read through the original and revised work and made many 
suggestions and corrections. Ilis wide scientific knowledge of the 
subject and his fifty years’ practical experience in the testing of cin- 
chona barks and alkaloids he has placed freely at my disposal, a fact 
which has materially lessened the labour of revision. Thanks are 
also due to Messrs. Howards & Sons, of Stratford, who kindly gave me 
the use of their complete library of literature on the subject for pur- 
poses of reference. 



BERBERINE AND ITS ASSOCIATES, 


By EDWARD HORTON, B. Sc. 

BERBERINE. 

Bcrbcrinc is an alkaloid occurring in a very large number of plants, 
in many cases in association with one or more of the alkaloids, ber- 
bamine, oxyacanlhine, hydrastine, canadinc, etc. It is the only 
natural basic colouring matter receiving practical application as a dye. 

The principal sources of l)erberinc and the associated alkaloids 
are the roots of the following plants: 


Plant 

Alkaloids, etc. 

Berberis vulRaris ( Barberry) ‘ 

Borbeiine; oxyacanthine; berbamine; and at 
least two other alkaloids (Hesse). 

Berberis aquifoliuin 

Berberine, 2..t5''o; oxyacanthine, 

Coptis trifulia 

Berberine, 4CJ,. 

Coptis tceta (India) 

Berberine, S.s%; coptinine (crystalliSable; 

( truss) . 

Hydrastis Canadensis (Colden seal) ... 

Berberine, 1.3 to hydrastine, i.s'l); 

canadinc; etc. Also mcconin and phyto.stearin. 

Jati'orhiza Calutnba or Cocculus palma- 
tus (Calumba ro(Jt). 

Columbic acid; and the neutral principle colum- 
bin. 

Menispermuin Canadense 

Berberine; oxyacanthine; menisperminc; men- 
ispinc. 


Berberine. CjoHi^O^NhHoO; or CiJIii(0.CIl3)202N,Il30. 

Berberine was discovered in 1826 by Chevallier and Pelletan (/. 
Chim. tnedicale, 1826, 2, 314), who found it in XantJioxyhtm clava- 
Heretdis. It has also been isolated from Berberis Vulgaris (Buchner, 
dwna/cw, 1837, 24, 228; Riidel, Arch. Pharm., 1891, 229, 631), Ccclo- 
cline polycarpa (Stenliouse, /Dma/m, 1855, 95, 108; 1858, 105, 360), 

* A concentrated liquid extract of t)arberry root still receives a limited applic-'vtion for 
'lyeiiiK silk and leather yellow. In America, the root-bark is commonly used, but in Europe 
the entire root is generally employed. 
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the wood of Coscmiiim Jcnestratum and Xanthorhiza apiijolia (Perrin?, 
Annalen, 1852, 83 , 276), Hydraslis Canadensis (Mahla, 5 / 7 /. Amer. 
1862 [ii], 33 , 43), B. arislaidy Caulophyllum thalictroidcs, Podophyllum 
pellatiim, and B. aquiJoUum (Pommerchne, Arch. Pliarni., 1895, 233, 
127; Riidel, loc. cit.), and B. Oetnensis (A. G. Perkin, Chem. Soc. 
Trans., 1897, 71 , 1198). Boedecker (Annalen, 1849, 66 , 384; 69 , 40 ) 
states diat berberine occurs in Cocculus palmatiis, but this has been 
contradicted by Gordin {Arch. Pharm., 1902, 240 , 146). The latter 
author finds also that Pereira brava, }[enispermum Canadensc and Jejfcr- 
sonia diphylla do not contain this alkaloid. Schlotterbeck {Amer. J . 
Pharm,, 1902, 74 , 584) has shown that the yellow colouring matter 
of Chelidonium majus and oi Slyllophorum diphylhnn is berberine. 

The constitution of berberine has been elucidated mainly through 
the work of VV. II. Perkin, Jr. {Chem. Soc. Trans., 1889, 55 , 63; 1890, 
57 , 992; 1910, 97 , 305) and of Gadamer {Arch. Pharm., 1901, 239, 
648; Chem. Zeit., 1902, 26 , 291; Arch. Pharm., 1905, 243 , 31). The 
latter showed that when a solution of tlie acid sulphate of berberine is 
treated with the equivalent amount of barium hydroxide solution a 
dark brownish-red strongly alkaline solution results, which on addition 
of excess of sodium hydroxide gives a bright yellow precipitate. It is 
highly probable that the dark-coloured alkaline solution contains 
berberinium hydroxide from which the salts of berberine arc derived, 
whilst the yellow precipitate “bcrbcrinaT’ is the aldehyde form in 
which the solid alkaloid exists. 



lierborinium hydroxide. Berberinal. 


Berberine is isolated from the root of Hydraslis Canadensis by 
boiling with water, evaporating the decoction to an extract, and 
exhausting with strong alcohol. One-fourth of its volume of water 
is added to the filtered alcoholic solution, the alcohol distilled off, and 
the residue treated with dilute sulphuric acid. Berberine sulphate 
crystallises out, and is decomposed by freshly precipitated lead 
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hydroxide (Merril, J., 1864, 452)- alkaloid may also be con- 

verted into the sparingly soluble nitrate or hydrochloride instead of the 
sulphate. 

L. Wolff recommends a previous treatment of the root with light 
petroleum to remove fixed oil. 

Herberine may be isolated from barberry' root by exhausting the 
material with alcohol, evaporating off the spirit, taking up the residue 
with water, and treating the filtered solution with excess of hydrochloric 
acid, when berbcrinc hydrochloride crystallises out. The salt may 
be purified by re-solution in alcohol and precipitation by ether. ^ 

Gaze {Zeit. Naturwiss. Halle, 1890, 62, 399) proposed to purify ber- 
berine through the acetone derivative by boiling the latter with chloro- 
form and alcohol, but it has been shown by Gordin (.lrc 7 /. /V/urm., 
1901, 239, 626) that the product consists not of berberine itself, but 
of its hydrochloride. 

Berbcrinc crystallises with difficulty in small, concentrically grouped 
prisms, or bright yellow, silky needles.” When air-dried, the cry'stals 
appear to contain 5.5H2O (W. H. Perkin, Jr.), of which 3H3O is 
driven off at 100°. At this temperature the crystals lose their lustre 
and become yellowish-brown, at iio*^ the change is very rapid, and 
above 160° total decomposition occurs. Fleitmann gives 120° as the 
m. p. of berberine, but Perkin considers this figure too low.^ 
When warmed, it emits a faint but peculiar odour resembling that of 
quinone. 

Berberine has a persistent, very bitter taste, and is employed 
medicinally in doses of 2 to 5 grains. 60 grains have been taken by 
man without injury', but the alkaloid is poisonous to dogs and other 
of the lower animals. 

Berberine dissolves in 4.5 parts of water at 21°, giving a solution 
neutral to litmus. It is easily soluble in hot water and alcohol, and 
dissolves in 100 parts of cold alcohol (Proctor, /., 1864, 453). The 
alkaloid is slightly soluble in chloroform and benzene, and insoluble 
in ether (separation from oxyacanthine and hydrastinc) and petroleum 


' nerbcrinc may also be prepared by preeipitating an aqueous decoction of barberry root 
With lead acetate, and treating the concentrated filtrate with e.xcess of sulphuric acid. The 
I'recipitate of berbcrinc sulphate is washed with cold water, and separated from lead sul- 
phate by solution in bulling water, which on cooling deposits the salt in yellow needles. 

” An orange colour, or other shade darker than bright yellow', is indicative of ini]Hirity. 
’ B. Schmidt ha,s obtained some evidence that berberine prepared from the cmnmercial 
pilph-ate is occasionally a mixture of berberine with methylberberine. He obtained pure 
•"'i borine by converting the alkaloid into the acetone compound, B.CjHeO, from which the 
oy base was liberated by heating in alcoholic solution. Thus obtained, berberine contained 
[’•l.'O, all of which was lost at loo'". The anhydrous alkaloid scarcely began to darken 
below 150°, 
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spirit. It is said to be taken up with difficulty from its acidilu.J 
solutions by amyl alcohol, chloroform, and benzene. ‘ 

Reactions and Detection. 

WTicn treated with sodium hydroxide solution bcrbcrine is colound 
brown, and on boiling a resinous mass separates. On distillinL: 
berherine with milk of lime, quinoline is formed. Fusion witli 
potassium hydroxide produces Ix'rberic acid, and an ai id 

of the composition 

When boiled with excess of fuming hydriodic acid, two methyl groups 
arc eliminated and a salt of berberolinc, C, JI,,(01I)202N, formni. 
On rendering the diluted liquid slightly alkaline by ammonia, an 
intense blackish-bluc colouration is obtained, probably owing to 
oxidation. Nitric acid gives, with berberolinc, a magnificent violut 
colouration, wliich on standing or warming changes to a deep reddish- 
brown. 

Concentrated nitric acid dissolves berberinc to a dark, reddidi- 
browm liquid, which on dilution with water gives a yellow lloeeuleiit 
precipitate partly soluble in ammonia. If the dark solution of lier- 
berine in strong nitric acid be warmed, oxidation rapidly occurs with 
formation of berbcronic acid (a pyridine-tricarboxylic acid), oxalic acid, 
and other products. 

Potassium permanganate in pre.scncc of potassium carbonate 
oxidises bcrbcrine with formation of hcmipinic acid, and 

other products (W. H. Perkin, Chem. Soc. Trans., 1889, 55, 71; see 
also Schmidt and Schilbach, Arch. Pharm., 1887, 225, 164). 

By the action of nascent hydrogen, bcrbcrine is reduced to hydro- 
berberine, CjoHjiO^N. 

Bcrbcrine dissolves in concentrated sulphuric acid with orange- 
yellow colour, changing to olive-green on warming. On adding potas- 
sium dichromate, or other oxidising agent, a black colour changing 
to violet (or brown- violet changing to brownish-yellow) is obtained. 
Frdhde’s reagent gives a brown or green colour with berberinc; or, 

1 Accordinfl: to E. Schmidt (Pharm. Zeit.. 1887. 32. bcrbcrine has a rcniark.d'l^ 

tendency to combine with neutral solvents, such as alcohol, ether, aceton*’, and clilorofurin. 
to form crystillinc compounds. When V>crlx;rine and chloroform arc mixed in niolcnil’^’' 
proportions, they unite to form a beautiful crystalline substance, permanent at roo''. 1 
does not appear to be a mere additive product, since it is not decomposed by acids sinip'V 
into berberinc and chloroform, but yields dccomposition-prcKlucts of the latter. Hcrberinc 
can also combine with a .second molecule of chlorfiform, but this behaves like water of 
tallisation. Schmidt has also described a compound of berberinc with acetone, of the n' 
mula CsoHnO^N'iCjIfiD. 
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according to llirsdiiiauscn, an immediate yellow, changing through 
dark brown to violet-brown. Sulphovanadic acid is stated to give a 
fine violet colouration. 

Ikrberine is also characterised by the insolubility of many of its 
salts (c. g., the chromate, picrate, hydriodide, platiiiichloride, auri- 
cliloride), and the sparing soluldlity of others in presence of excess of 
mineral acid. 

On adding chlorine-water (avoiding excess) to a solution of 
berberine strongly acidilied with hydrochloric or sulphuric add, a 
zone of briglit red colour is formed at the junction of the liquids, and 
is still recognisable as a pink colouration in a dilution of 250,000.^ 
d'he reaction is destroyed by reducing agents. 

On cautiously adding iodised potassium iodide (avoiding cxces.s) 
to a solution of a berberine salt, BIU3 is thronm down as a dilTicultly 
soluble red -brown precipitate, which ciy’stallises from strong alcoliol 
in red needles, or on adding water in green iridescent scales which 
completely polarise light. 

Mayer’s reagent gives with berberine solutions a precipitate of the 
appro.ximate composition H.,H2Hgl4, containing, after drying at 100°, 
from 50 to 52',^) of the alkaloid. 

Perkin states that even very' dilute solutions of berberine give a 
yellow precipitate with bromine-water, which darkens on standing 
and is probably the hydrobromide. 

Berberine d(K's not combine with hydroxylamine or phenyDiydrazine 
an(l is apparently not attacked by phosphorus oxychloride or penta- 
chloride. 

According to Jaworowski {P/iorm. /.cit. Russ.j 1896, 35 ) 3^^) a 
solution containing 0.01 — 0.002(0 of berberine is precipitated by tlie 
reagent prepared by dissolving 0.3 grni. of sodium vanadate in 10 c.c 
of hot water, cooling tlie .solution, adding 0.3 grm. of cry'stallised copper 
sulphate and 8 drops of glacial acetic acid, and Idtering the liquid, 
t c.c. of the reagent obtained by mixing a 30% solution of hydro- 
gen peroxide with 10 times its volume of pure sulphuric acid gives a 
red to purple colouration wiUi 0.005 — 0.01 grm. of berberine (Schaer, 
^rch. Pham., iqro, 248, 45*'^)- 

(lordin describes {Arch. Pharm., 1902, 240, 146) the following 
method of detecting berberine in plants. 5 to 20 grm. of the 

’ Brucine Rives a similar indication with chlorine-water, but the •riginal solution ts 
Colourless, ttnd the colour less pennanent than with borbenne. 
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powdered product arc extracted with hot alcolio!, the extract 
evaporated, treated with 20-40 c.c. of water and filtered, with 
addition of a little powdered talc if necessary. A small portion 
of the clear filtrate is mixed with a small quantity of a lo^^' solu- 
tion of potassium iodide. If no precipitate is formed, no appreti 
able amount of berberine is present, but if a precipitate is 
deposited 10 c.c. of the original filtrate are mixed with 1-2 c.c. of a 
10' 2 isolation of sodium hydroxide, filtered if necessary, heated to 
50°, treated with 5 c.c. of acetone and allowed to stand. If after two 
hours no cr^’stals have formed, 30 c.c. of water are added and llie 
solution kept in a cool place overnight. In this time crv’stals will 
separate if the solution used (10 c.c.) contained not less than o.oi grin, 
of the alkaloid. The ciy'stals may be identified by dissolving in 
dilute hydrochloric acid and testing portions of the solution with 
potassium iodide, potassium dichromate, picric acid and chlorine- 
water. When no cr)'stals form although potassium iodide has given 
a precipitate with the aqueous solution of the extract, 10 or 20 c.c. 
of the latter arc mixed with excess of a 20'' solution of jiotassium 
iodide. The precipitate formed is collected on a filter and washctl 
first with dilute potassium iodide solution, and then with water, d’iiv 
filtrate and w^ashings are concentrated to about 2 c.c., treated witli a 
few' drops of sodium hydroxide solution and 1 c.c. of acetone, and, 
after standing some hours, diluted with an equal bulk of water. 
Good crystals of berberine-acetone will be deposited within 24 hours 
if 0.001 grm. of the alkaloid is present. 

A microchcmical method of detecting berberine has been descriln d 
by Bauer (Pharni. Zeit., 1908, 53, 618). A section of the plant ti.^siic 
is floated in a few drops of water on a microsco[)c slide, allowed to 
macerate for a few seconds, warmed with i or 2 drops of sodium 
hydroxide solution (10%) and then treated with 4-5 drops of 
acetone and covered with a micro-cover glass. The growth of charac- 
teristic crystals of berberine-acctone is observed under the micro- 
scope in some cases in 5 minutes, whilst in others several hours arc 
required. 

Estimation. Volumetric Methods. 

The following method of estimating berberine in the root of Hydras- 
tis Canadensis has been de.scribcd by Gordin and Prescott (An/!- 
Fharm., 1899, !i!37, 441). 10 grm. of the powdered root are stirred into 
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a paste with a lew c.c. oi a mixture of alcohol, concentrated ammonia 
and ether (I'.i'.d), and kept in a stoppered jar for several hours (over- 
nijtht). The mixture is then dried in a current of air, until all the am- 
monia has volatilised, and afterwards in a vacuum over sulphuric acid 
for 5~6 hours. The dry substance is transferred to a Soxlilct extractor, 
the jar beuit' rinsed witli powdered barium nitrate, and extracted with 
40 -50 c.c. of absolute etlier until the rccsidue from the evaporation of 
a few drops of the extract gives no reaction with either Mayer’s or 
Wagner’s reagent. Tlie ethereal extract contains the hydrastine. A 
current of air is passed through the Soxhlet tube until all the ether 
has evaporated, and the residue extracted with 40 -50 c.c. of alcohol 
until die extract is colourless. The alcoholic extract is washed into 
an evaporating dish togetlicr with a little hot water and dilute acetic 
acid, and evaporated with addition of water until all the alcohol is 
expelled. A further small quantity of dilute acetic acid is added, the 
li([uid cooled, liltered into a 300-.100 c.c. Erlenmeyer flask and the 
filter washed. The filtrate and washings are treated with 6-8 c.c. 
of acetone, and a lo^:^ solution of sodium hydroxide added drop by 
drop until the precipitate lirst formed no longer disappears on shaking, 
and the liquid acquires a strongly alkaline reaction. The flask is 
closed with a stopper, shaken in a circular direction for 10-15 minutes, 
and then allowed to stand for 2-3 hours. J hc crv'stals of beiberine- 
acetene formed are washed until the wa.shings are colourless, returned 
10 the flask and treated witii 4-5 c.c. of sCc sulphuric acid and water 
up to 100-200 c.c. The flask is heated in hot water until tlie pre- 
ci].itate has dissolved, when tlie solution is transferred to a long-necked 
tlask and Ijoiled gently for 15 to 2 hours, water being added when 
necessary. The liquid is cooled, mixed with 100 c.c. of A /20 potas- 
sium iodide solution, the mixture diluted to i litre and allowed to 
stand overnight. The liquid is liltered, 500 c.c. of the filtrate mixed 
with 50 c.c. of Nj 20 silver nitrate .solution, nitric acid added, and the 
mixture diluted to i litre. Ihc liquid is well shaken, filtered, and 
500 c.c. of the filtrate titrated with NI.\o ammonium thiocyanate 
solution using ferric alum as indicator. Twice the numlier of c.c. of 
ammonium tliiocyanatc solution used is equal to tlie number of c.c. 
of iV/20 potassium iodide solution consumed by the berberine in 
10 grm. of tlic root. The number of c.c. of Nj 20 potassium iodide 
solution consumed multiplied by 0.167125 gives tlie percentage of 
anhydrous berberine. 
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An aljsolutc aUoholic solution of bcrlx-rinf or one of its salts, nhoi 
treated witli alcoholic sulphuric acid, i^ives a j)reci[)itale of tlu' adit 
sulphate i704X,ILSO.i, tlius the precipitate formed in d’honiji- 
soivs process (dutcr. J. Pliarm., i8();^ (/;'], 23, 371) is this sul{)hati , 
not tlie hydrochloride. On this behaviour (iordin has based tlie fol 
lowing method for the estimation of l)erberine in absolute alcolielir 
solutions. The solution is precij)itated with excess of alcoholii: 
sulphuric acid, diluted with an etpial volume of ether and allowed to 
stand overnight. The precipitate is tiltered otT, washed with a mix 
ture of equal volumes of alcohol and ether and the total volume of 
filtrate and washings noted, d'hc precipitate is transferred to a 200 
c.c. graduated llask, 20 c.c. of a 20*’/q jiotassium iodide solution added, 
the mixture diluted to 200 c.c. and well shaken. Berberine hydriodide 
is precipitated, one equivalent of free acid remaining in solution for 
each molecule of berberine precipitated. 'Idie liijuid is fdtered and 
100 c.c, of the filtrate titrated with A^'''40 potassium hydroxide solution 
which has been previously standardised against A’/ 40 sulphuric ai id 
under the same conditions. Each c.c. of the standard alkali recpiiri d 
corresponds with 0.008378 grm. of berlierine. A correction has to be 
applied on account of the alkaloid dis.solved in the alcohol-ether 
filtrate and washings; this amounts to 0.0000526 grm. per c.c. 

According to Troger and Linde (Arclt. J^/iarni., 1900, 238, 6) ber- 
berine is completely precipitated from solutions of its hydrocliloride 
by additions of excess of a solution of potassium naphthalene-Tthio- 
sul{)honate, C,„ILSO,.SK. A 0.33'.,' solution of the latter salt i> 
used and is titrated against A'/ 100 iodine solution. 'I'hc pr(’ci[>itaie 
formed with the alkaloid is filtered off, washed, and the filtrate iind 
washings titrated with A^/ioo iodine solution. A molecule of ber- 
berine is jirecipitated by a molecule of the thiosulphonate, and a nu^h - 
cule of the latter reacts with an atom of iodine. Accordingly each ( .e. 
of an N /joo thiosulphonate* .solution u.sed by tin* alkaloid correspomls 
with 0.003351 grm. of berberine. 

Gravimetric Method. 

For the estimation of berberine in aqueous alcoholic solutions 
Gordin recommends the following process (An/i. Pharm., 1901, 23Q, 
63S). The ix.‘rberine is precipitated with excess of a 10^, y, solution ni 
potassium iodide, the precipitated hydriodide washed with a 2^]'o 
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solution of the same salt, and tran.^ferred with a little water into a (lask. 
Alter heating to {)0-7o'A acetone is added to the extent of one-third the 
volume of the water and the mixture shaken for lo minutes. 5 c.c. 
of a 10% s(jluti()n of sodium hydroxide are then added and the liquid 
shaken (heating at 50-00° it necessary) until the yellow^ hydriodide has 
disappeared. After cooling the solution is diluted to three times its 
Inilk with waiter and allowed to stand overnight. The berberine- 
acetone is tiltered oil, dried lirst under reduced pressure and then at 
105° and weighed, i grin, of the acetone compound corresponds 
with o.tS53 grm. of berlierinc. 'I o correct for the berberine-acetone 
dissolved in the mother-Ihjuor 0.0000273 grm. is added per c.c. 

Salts of Berberine. 

Berberinc is a w’eak base, l.)ut forms delinile and readily crystallisablc 
salts with acids, dhe salts have a bitter taste, and arc mostly very 
sparingly soluble, the pyrophosjdiate and acetate being exceptions. 

Ikrberinc nitrate, B,1L\().„ .separates in line yellow needles on 
acidifying a warm af[ueous or alcoholic solution of berberine with 
nitric acid. It is soluble in al)out 500 parts of cold water, more readily 
in hot, and almost insoluble in alcohol or water strongly acidified with 
nitric acid. It does not darken or undergo other change at 100°. 
It turns dark browm on heating with .sulphuric acid. 

Berberine Hydrochloride, B,IIC1 + 2lI.O,‘ is precipitated in golden- 
yellow^ needles on adding hydrochloric acid to a warm aqueous solu- 
tion of the alkaloid. It requires about 500 parts of cold water for 
solution, and is almost insoluble in alcohol or dilute hydrochloric acid. 

1 he salt is wdth dilliculty decomposed by bases, tlie liberated alkaloid 
heing apt to retain chlorine. Prolonged digestion widi litharge fails 
to di'compose it comj)letely, but silver oxide readily decomposes the 
^^olution. Berberine hydrochloride darkens to an orange colour when 
heated to about 60°, Jnit regains its original colour on cooling. By 
prolonged exposure at 100° the colour changes permanently, and much 
of the .salt becomes readily soluble in cold water, with red colour. 

Keichard describes a number of tests characteristic of berberine 
hydrochloride {Pharm. Centr. Halle, 1006, 47, 473). d'hus this salt 
dissolves to a yellow liquid in a solution of stannous chloriile, which is 
oot affected by heating, and to a brownish-black liquid wlien heated 
'^’ith bismuth chloride .solution. When lieated with a drop of a strong 

lo Schmidt tlio rochliyilloridc contains alhO when crystallised from dilute 
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solution of potassium tliiocyanate the hydrochloride becomes green, 
with sulphuric acid dark green. If previously mixed with ammonium 
persulphate or mercurous nitrate, it is blackened by sulphuric acid, 
but in tlie latter case the solution becomes yellowish-red on exposure 
to air. The mixture of the salt with potassium iodate becomes graj)hlte 
colour when treated with a drop of hydrochloric acid and tlien yellow 
on adding potassium hydroxide solution, whilst if ammonium meta- 
vanadate be sul:>stituted for tlie iodate, a brown deposit is produced. 
If treated with a solution of n-naphthol in a 40% solution of potassium 
hydroxide, tire hydrochloride turns dark reddish-brown but tlie solution 
is not affected. The salt becomes dark green when mixed with picric 
acid and treated with sulphuric acid, or when mixed with a-nitroso-^j- 
naphtJiol and treated with potassium hydroxide solution. 

The aurichloridc, B,HAuCl4, is amorphous, brown, and quite 
insoluble in water. It cry^stalliscs from boiling dilute alcohol in 
chestnut-brown needles, unchanged at 100® The pJatiniciiloride, 
Bj.HjPtClg, forms a yellowish precipitate, almost insoluble in all the 
ordinar}' solvents. It may be cry'stalliscd from boiling amyl alcohol, 
in which it is slightly soluble. 

Berberine hydriodide, B,III, obtained by precipitation, forms 
minute yellow needles, nearly insoluble in cold water or potassium 
iodide solution. It does not darken or suffer other change at 100.° 
Bill, is precipitated on cautiously adding iodised potassium ioditlc 
(carefully avoiding excess) to a .solution of a berberine salt in hot 
spirit. It is quite insoluble in cold water. When recrystalliscd from 
hot alcohol, the smaller crystals have the property of completely 
polarising light (compare Herepathite). 

Btrbcrine sulphatey IbHjSO^, is met with in commerce both in 
the amorphous state and crystallised. The latter form, which is 
considerably the higher priced, can be prepared by dissolving 15 grm. 
of the amorphous preparation in a boiling mixture of 250 c.c. of alcohol 
with 8 of acetic acid, when on cooling the crystallised salt separates 
out. It has an orange colour, and is permanent in the air when free 
from impurity. It is soluble in about 100 parts of water. According 
to J. U. Lloyd {Amer. Drug., Sept., 1884), the yellow crystalline 
powder obtained by heating commercial berberine sulphate with 
ammonia and shaking with ether is not the free alkaloid, as commonly 
assumed, but a neutral sulphate, B2HJSO4, which is readily soluble in 
water. 
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'rhe chromate is oblained in orange -yellow needles on 

a.iains potassium dichuMnati- lo ;i l,oiliu|. and ver\’ dilute solution of 
a ^alt of herk'rme. 'I'he salt a-paralt-s entirely on cooling, and is 
in-<ohd,le in told water or an excess of the precipitant. 

Ikrbcnnc pu ralc requires .15,000 parts of cold water for solution. 
.\s a conse(|uencc, on mixing aciueous solutions of iK-rberine and 
picric acid in etiuivalcnt pro],ortions and Idtering, a liquid is obtained 
tna- from yellow colour or bitter lastt*. 

Bcrbcrine acetate is prepared by adding berberine sulphate to a 
solution of potassium acetate in rectified spirit, and healing gently 
till the yellow salt has dissolved. After cooling, the licjuid is filtered 
from the potas>ium sulphate, (“\ aporated to a syrup, and shaken with 
ether, when berberine acetate, B(C,JIj()o)2. preci])itated as a ciy’s- 
talline orange jiowder. It is readily soluble in water and alcohol, 
nearly insolulile in ether, and loses acid on exposure to air. 

Shedden {Pharm. ./., 1900 [re], ii, rSp) has prepared berberine 
phosphaiCj B,2ll ,P()^,i 1/2II2O, by adding cxcccss of phosphoric acid 
to borbcrine-acetonc. It is a bright yellow non-dcliquesccnt crystalline 
substanci- soluble in 14.3 parts of water at 16A The anhydrous salt 
dissolves in 15 parts of water at 15-16^ When prepared by Parsons 
and Wrumpelmeier’s method {Proc. Amcr. Pharm. 1879, 514) 

the pho.sphate contains iIljO. 

Oxyacanthine, This l)asc is contained in Berberis 

^'ulitaris, and remains in the mother- liquor, from which the berberine 
has been separated as hydrochloride. • 

Ihe alkaloid has been isolated by Riidcl {Arch. Pharm., i8qi, 229, 
h.pi) from Berberis aqui/olium and B. imigaris by the following method: 

^ he ground-up roots are extracted in a Soxlilct apparatus first with 
alcohol acidified with acetic acid and tlicn with dilute aqueous acetic 
acid. The combined extracts, after concentration, deposit berberine 
at elate and resin. These* are liltcred off and more resin precipitated 
ffom Uie filtrate by adding 3 -4 volumes of water. The liquid is 
f'ltered, evaporated to half its bulk, and treated with sodium carbonate 
J^olution so long as a prccii)itatc is formed. The latter is collectcil on 
a filter, washed, dissolved in dilute sulphuric acid, the solution filtered 
from resin and reprccipitated with sodium carbonate solution. The 
precipitate is rcdi.ssolvcd in dilute sulphuric acid and the solution 
saturated with sodium sulphate at 50°. On cooling, a resinous mass 
containing oxyacanthinc separates. This is filtered off, waslied with 
VoL. VI.~-36 
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the minimum quantity of water, dissolved in a large quantity of the 
same solvent and reprecipitated with sodium carbonate solution. 
The precipitate is dried and extracted with ether in a Soxhlet apparatus, 
the ethereal extract evaporated and the brown resinous residue dis- 
solved in a mixture of equal parts of alcohol and dilute sulphuric acid. 
The solution, on evaporation, deposits white wart-like crystals of 
oxyacanthinc sulphate. On decomposing the solution of oxyacanthine 
sulphate with ammonia the free alkaloid is precipitated in Hocks, 
which, after drying at ioo°, melt at 138-150°; but when ciy^stalliscd 
from alcohol or ether it forms anhydrous needles. The m. p. of the 
latter is stated by Hesse 1886, 19, 3190) to be 208-214°, by 

Riidel 188-198°, and by Pommerehne {Arch. Pharm., 1895, 233, 131) 
208-210°. 

From Rudd’s analyses, which have been confirmed by Pommerehne, 
the composition of the alkaloid is represented liy the formula 
CigHjiOjN, and contains one or two methoxyl groups. 

Oxyacanthine is dextro-rotatory having [n]'®-!- 174.5°. Oxyacan- 
thine is readily soluble in chloroform and benzene, but only sparingly so 
in petroleum spirit. It may be separated from berberine by extracting 
the ammoniacal solution with ether or chloroform. From its acidified 
solutions it is not extracted by petroleum spirit or benzene, and only 
sparingly by chloroform. 

Both Hesse and Riidel found that the amorphous alkaloid is more 
soluble than the crystalline variety. 

Reactions . — Oxyacanthinc dissolves in concentrated nitric acid to a 
yellowish-brown solution, which is unchanged by sulphuric acid. In 
the latter acid it gives a colourless solution, which on addition of nitric 
acid becomes faint yellow, then reddish-brown and finally rcddi.di- 
yellow. Erdmann’s reagent gives a faint reddish-yellow colour, 
Frdhde’s reagent a .strong violet colour which turns dirty green, be 
coming fainter and finally yellow. Sulphovanadic acid gives a faint 
dirty violet colour which Incomes reddish-violet. Free oxyacanthine is 
not precipitated by mercuric or zinc chloride, but the solutions of its 
salts give a white precipitate immediately on adding these chloride';. 
A solution of the alkaloid is coloured yellow by chlorine- water and on 
adding potassium dichromate a yellow precipitate is formed. Bro- 
mine-water gives a yellow precipitate. Oxyacanthinc liberates iodine 
from a solution of potassium iodide in dilute sulphuric acid, and reduces 
a solution of ferric chloride and potassium ferricyanide with the 
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formation of Prussian blue. The solution of the alkaloid in concen- 
trated sulphuric acid gives a dark colour with basic bismuth nitrate. 

Oxyacan thine closely resembles narco tine. Like morphine, it 
reduces iodic acid. 

Oxyacanthine hydrochloride, BHCI+2H2O, forms small colour- 
less needles, the 2% aqueous solution of which shows [(1]^,= + 163.6°. 
Hot strong solutions arc coloured green by ferric chloride. 

The hydrobromide, B,PIBr,2H.,0, forms white silky needles, the 
hydriodide, B,HI,2H20, small wart-like crystals. The latter salt is 
far less stable than the hydrochloride or hydrobromide. 

The nitrate, B,IINO„2lLO, forms small glistening white wart-like 
crystals easily soluble in hot but difficultly soluble in cold water. 

Ihe sulphate, B2H2S04,4ll20, cr)'stalliscs in white warts or fine 
needles. 

The platinichloride,B^}lJ?{C\,^, is an amorphous yellow salt, 
whilst the aurichloride, B,HAuCl4,4H20, is a golden-yellow amorphous 
substance. 

Oxyacanthine forms a non-cr)’stalline benzoyl derivative, CioIL,,- 
BZO3N, of which the platinkhloridc, (C,,H2oBz03N,HCl)2PtCl4,- 
811 , 0 , is a yellowish-white tlocculent precipitate, whilst the auri- 
chloride, CiyH2yBz03N,HAuCl4,2H20, forms reddish-yellow amor- 
phous flocks. 

When heated with potassium hydroxide and a little water, ox}’acan- 
thine melts to a brown mass which floats on the fused alkali. This 
consists of the potassium derivative of /f-o.xyacantliine, a substance 
probably dilTcring from the parent alkaloid by the elements of water. 
A similar change occurs very readily even at the ordinary tempera- 
ture, by the action of alcholic potash or baryta on n-oxyacanthine. 
Ether fails to extract the ^-modification from the alkaline solution. 
Hydrochloric acid precipitates ;?-oxyacanthine, which is soluble both 
in alkalis and excess of acid. With much acid, a-oxyacanthine 
hydrochloride is precipitated. Oxyacanthine changes back to the 
o form on drying in the air. 

Berbamine, Ci8lI,903N, the second Berberis alkaloid soluble in 
ether, was obtained by Hesse {Ber., 1886, 19, 3190) by adding sodium 
nitrate to the liquid from which oxyacanthine had been thrown down 
as sulphate. The precipitated berbamine nitrate when decomposed 
hy ammonia yields a crystalline precipitate of the free base, which 
crystallises from alcohol in small plates containing 2H3O. 
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Riidel afterwards studied this alkaloid {Arch. Pkarm., 1891, 229 
631) and found that its composition is represented hy the formula 
CigHigOgX, and that it melts at 197-210° (Hesse jravc 156°). It is 
insoluble in light petroleum, and may therefore he separated from 
oxyacanthine which is ditlicultly soluble in this medium. 

Reactions. — Berbamine dissolves in concentrated sulphuric acid to a 
colourless solution, turning greenish-yellow and becoming reddish on 
addition of nitric acid. When dissolved in nitric acid it gives a brown 
ish-red solution unchanged by sulphuric acid. Sulphovanadic aiid 
gives a pale violet colour gradually becoming brown. Zinc and mer- 
curic chlorides give white precipitates immediately. The reactions with 
Frohde’s reagent, with a mixture of ferric chloride and potassium 
ferricyanide solutions, with basic bismuth nitrate and with a solution 
of potassium iodide in dilute sulphuric acid are similar to those of 
oxyacanthine. 

Berbamine sulphate, B J[2S0,,4H30, crystallises in small leaf- 
lets or needles. I lie hydrochloride, B,H(.l,2ll2t b <lescribed by Porn- 
merehne {.{nh. Pharm., 1*895, 233j 156) forms small wart-like crystals 
very similar to the corresponding .salt of oxyacanthine. 

1 he platinichloridc, (B,IlCl)2rtC l^,5ll2(), is a yellow powder which 
is only slightly soluble in water; the aiiricJiloridc, B,H.\uCl„5H2(), is a 
golden-yellow amorphous substance. 

Hydrastine. or C,„H,5(0.CH3)202X (see also 

565). this alkaloid was discovered in 1851 by von Durand 
(Amer. Pharm.J., 1851, 23 , 112) in Hydrastis Canadensis or (johleii 
Seal. Perrins found 1.5% in the dried root, but the yield in maun 
facture is from 0.25—0.75%. It also occurs \\\ Stylo ph or iim diphxlliini. 
Hydrastine dilTers from berberine in being colourle.ss, but commercial 
medicinal preparations of berberine from Hydrastis arc not unfre- 
quently called hydrastine.* 

Hydrastine has been studied very largely by Freund and his pufhls, 
Will, Lachmann, Rosenberg, Heim, I'hilips, and Dormeyer (Per., 
1886, 19 , 2797; 1887, 20 , 80, 2400; 1889, 22 , 456, 1156, 2322, 2329; 
1890 23 , 404, 416, 2897, 2910; iHpr, 24 , 2730,3164; Annalen, 1892, 
271 , 3 II) and more recently by Schmidt {Arch. Pharm., 1893, 231 , 
541). from the work of the.se authors it is probable that the constilu 
tion of the alkaloid is rcpre.sented by the formula 


Thp root of r.ol.Irn Spat 13 a bitter tonic analoKous to calumb 
form , f p„wr cr anU .n of S to 74 Kr.'.ins. The hyUro, hlorwi 

01 aoldon seal arc sometimes sold under the name of “hydrastine. 


It is exhibited in tlic 
of the mixed alknloula 
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Ilydrastine has been extracted from Hydrastis Canadensis by F. 
Wilhelm {Arch. Pharm., i8S8, 226, 329) in the following way: The 
coarsely powdered root is digesteci with boiling water acidified with 
acetic acid. Ihe extract is evaporated to a syrup and treated with 
excess of dilute sulphuric acid. The berberine sulphate which cr}'s- 
tallises on standing is filtered off, and the filtrate neutralised with 
ammonia. The precipitate formed contains much hydrastine, and 
on again filtering and adding excess of ammonia to the filtrate, a second 
precipitate is produced which is said to contain canadine. BotJ’i pre- 
cipitates when boiled with ethyl acetate give solutions which on cooling 
deposit large crystals of hydrastine, tJiose from the second precipitate 
being more nearly pure than tliose from the first. 

FJjerhardt describes tlic following method of purifying the alkaloid. 
I he freshly precipitated liydrastine is dissolved in the miinmum 
quantity of boiling chloroform, the solution filtered through glass wool 
and poured into excess of alcohol. On shaking Uie liquid vigorously 
for some minutes the hydrastine separates as a fine crystalline pre- 
cipitate. The process is repeated and the product Uicn recrystalliscd 
from boiling alcohol. 

Hydrastine forms colourless or milk-white four-sided prisms, 
melting at 132° and decomposing at a higher temperature with an 
odour of phenol. 

Free hydrastine is tasteless and odourless, but the salts have an 
^mrid taste. It is poisonous in large doses, 3 grains being fatal to a 
f*‘og in 4 minutes. It resembles strychnine in causing death by 
arresting tlic respiratory movements in a tonic spasm. 

Hydrastine is insoluble in water, and nearly insoluble in alkaline 
solutions. It dissolves in 120 parts of alcohol, in 1.75 parts of chloro- 
form, in 16 of benzene, and in 83 of etlier. It is quite insoluble in 
pctroelum spirit. 



BERBERINE AND ITS ASSOCIATES. 


566 

According to the United States Pharmacopeia hydrastine dissolves 
in 135 parts of alcohol, 124 parts of ether, and 2 parts of chloroform 
at 25° in 4,000 parts of water at 80®, 17 parts of alcohol at 60°, and 
easily in benzene. The solubility of hydrastine in ether may be utilised 
to separate it from berberine. Hydrastine is hevo-rolatory, [aj^^ in 
chloroform solution (1.2759 grm. in 50 c.c.) being — 67.8'^.^ 

Hydrastine is a feeble base, and is completely extracted by chloro- 
form from solutions freely acidified with hydrochloric acid. In part, 
however, it is dissolved as hydrochloride, which salt is very soluble in 
chloroform. 

Reactions . — Hydrastine is not attacked by acetic anhydride, but reacts 
with acetyl chloride. The acetyl derivative crystallises in beautiful 
yellowish-green needles the solution of which has a bluish-green 
tluorescence. 

Hydrastine solutions give no colour change with chlorine-water. 
With iodised potassium iodide they yield a deep brown tlocculent 
precipitate. 

Picric acid forms in hydrastine solutions a yellow amorplious 
precipitate of the picrate, BA + 4H2O, which is deposited in splendid 
yellow needles from its solution in boiling alcohol. 

Solutions of hydrastine arc precipitated by potassium dichromale. 
On touching tlie separated precipitate with a drop of strong sulphuric 
acid, it instantly becomes bright red, the colour fading in a few seconds. 
This behaviour distinguishes hydrastine from strychnine and gel- 
semine (page 448). 

If a solution of hydrastine be acidified with sulphuric acid, and a few 
drops of an N j 10 solution of potassium permanganate added, tlic 
colour of the reagent is instantly di.scharged, and an intense blue 
fluorescence is developed. A .single drop of a 1% solution of hydrastine 
when treated in this way renders a large test-tube of liquid strongly 
fluorescent (A. B. Lyon.s, Pharm. /., 1885-6 [m], 16, 880). Excess 
of permanganate must be avoided, or both the alkaloid and fluorescent 
product will be destroyed. The fluorescent substance differs from 
aesculin in not being extracted from eitiier acid or alkaline solutions by 
chloroform or ether, and in not having the fluorescence intensified !)>' 
addition of alkali.^ 

‘ The figure for specific rotation given in the text is that of Freund and Will. Eijkm.an 
gives —57.5 (c*-vo43 in loo c.c.). F. B. Power {[‘harm. J., 1884-5 [i«], 15, 39 ^) 
gives the wideW different fij^ure - 170'’. 

* The same fluorescent oxidation -product is sometimes developed in solutions of hydrai- 
tine by mere exposure to air. Neither pure hydrastine nor any ready-formed constituent 
of Hydrastis root appears to bo fluorescent. 
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According to Dunslan and Carr {Pharm. 1896 \iv], 2, 122) hy- 
drastine gives a pink-purple precipitate with potassium permanganate. 

The colour-reactions of solid hydrastine have been re-investigated 
by A. B. Lyons (Pharm. 1885-6 [Hi], 16, 880) with the following 
results: Concentrated sulphuric acid dissolves the pure alkaloid with 
faint yellow colour, clianging to a deep blue-purple on heating. If the 
reagent contains a trace of nitric acid a yellow colour is produced, and 
witli a larger proportion (1:1,000) the colour is orange-red. Pure 
nitric acid produces a permanent orange solution, which on adding 
water deposits an insoluble substance, and yields a liquid exhibiting 
an intense blue lluorescence. 

With sulphuric acid and oxidising agents hydrastine produces 
some well-defined colour indications. With manganese dioxide 
an orange colour is first developed, changing to a rich cherry-red, 
and passing tlirough carmine to a yellowish shade of red, 
which after a time dianges rather suddenly to a pale orange- 
yellow, This test distinguishes hydrastine from strjxhnine and 
gclsemine, whilst berberine dissolves in sulphuric acid with yellow 
colour, changing on addition of the oxidising agent to violet, then to 
chocolate-brown, and finally becoming orange-red. (The inter- 
mediate chocolate-brown stage distinguishes the berberine reaction 
from that given by strychnine.) Potassium permanganate gives with 
hydrastine and sulphuric acid tlie same colourations as manganese 
dioxide, but the changes are more rapid. A violet tint is sometimes 
produced after tlie red is developed, tlie contrary order being character- 
istic of strychnine. 

Frdhde’s reagent gives with hydrastine a sage-green colour, slowly 
changing to brownish, and tlien gradually fading. This succession 
of tints is very characteristic. Sulphovanadic acid gives a rose-red 
colour, which fades slowly. 

Vitali (VOrosi, 1892, 14, 405) observed that if the brownish-yellow 
solution formed by dissolving a fragment of hydrastine in sulphuric 
^icid and adding a fragment of nitre, is treated drop by drop with a 
solution of stannous chloride, a magnificent reddish-violet colour is 
developed, the intensity of whicli depends on the amount of alkaloid 
present. The colour is not destroyed by the addition of water. 

It is stated by Labat (Bull. Soc. Chim., 1909 (^'^]> 5 » 74 -> 745 ) 
if o.i c.c. of a 0.33% solution of hydrastine or of a 1% solution of 
hydrastinine, in 10% sulphuric acid is added to 2 c.c. of pure sulphuric 
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acid and the mixture treated with o.i c.c. of a 5% alcoholic solution of 
gallic acid and heated on a water-bath, an intense emerald green 
colour is produced, which gradually becomes Fehling blue, and violet 
if diluted with glacial acetic acid. With a solution of guaiacol or 
catechol the colour is of a red-currant shade becoming violet. The 
reaction with gallic acid is the most sensitive, i part of hydrastine in 
40,000, or I part of hydrastinine in 50,000 of water being recognisable 
by it. Berberine gives the reaction with gallic acid but not those widi 
the other two phenols. 

Norton and Newman (/. Chcm. Soc.^ 1897, 19, 838) found 

that hydrastine gradually dissolves when triturated with a cold 
saturated solution of mono-calcium phosphate, the amount dissolved 
increasing with the duration of the trituration, until after six weeks 
the product in solution has the composition represented by the 
formula 2Ca(Il2r04)2,3C2iIl2i0eN. 

When hydrastine is heated to fusion (220°) for some minutes 
ammonia is evolved and if the cooled liquid is poured into water 
meconin is precipitated (Beckurts and Frerichs, Arch. Pharm., 1903, 

241, 259)- 

On treating an acid solution of hydrastine with oxidising agents 
{e.g., manganese dioxide and sulphuric acid), it splits up into opianic 
acid and hydrastinine, a base closely resembling cotarninc. If the 
oxidation be effected in alkaline solution, the action proceeds further, 
the chief products being hemipinic and nicotinic acids. 

Estimation. Volumetric Methods, 

Hydrastine may be approximately estimated by titration with 
Mayer’s reagent, but the precipitating power of the solution is 
materially affected by the dilution of the liquid. 

For the volumetric estimation of hydrastine both Beckurts {A poth. 
Zeit., 1896, II, 552) and Maben {Cficm. and Drug., 1901, 59, 234) 
recommend the dissolution of the alkaloid, after isolation, in excess 
of standard acid and estimation of the exce.ss by titration with standard 
alkali. Maben’s method is as follows: 10 grm. of the finely powdered 
Hydrastis Canadensis are exhausted with hot alcohol, the percolate 
cooled and diluted to 100 c.c. 25 c.c. of the latter are treated with 
1.5 c.c. of hydrochloric acid {32%), 0.25 c.c. of pure sulphuric acid 
and 125 c.c. of ether. The mixture is cooled, well shaken and kept at 
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0° for 24 hours. The separated berberine hydrochloride is filtered 
(on a tared filter if it is desired to estimate the berberine), and washed 
with a mixture of equal volumes of alcohol and ether. The filtrate 
and washings are made nearly neutral, evaporated almost to dryness 
on a steam-bath and the residue extracted with small quantities of hot 
water until the extract ceases to react with the ordinary reagents for 
alkaloids. The extraction of the alkaloid from the resinous mass is 
facilitated by adding a few drops of alcohol to the hot water and after- 
wards evaporating it. The hot aqueous solution is filtered into a 
separating funnel, made alkaline with ammonia and extracted repeat- 
edly with ether. The ethereal extract is evaporated, the hydrastine 
dissolved out of tlie residue by treatment with successive quantities 
of 5% sulphuric acid, the solution made alkaline with ammonia and 
the alkaloid again extracted with ether. The extract is evaporated 
to dryness, tlie residue dissolved in excess of N j 20 4cid and the solu- 
tion titrated back wdth Nj 100 alkali, using cochineal as indicator. 
I c.c. of iV/ioo acid corresponds with 0.00383 grm. of hydrastine. 
(compare also Thompson, Amcr. J. Pham., 1893 23, 371). 

If a solution of iodine in potassium iodide is added to a solution of 
hydrastine, iodides of varying composition are precipitated. If, 
however, the hydrastine solution is added to a large excess of the iodine 
solution, the dark brown hydriodide iodide, C2iH2i08N,HI,l5, is 
precipitated. This compound loses 5I when treated with sodium 
diiosulphate solution. On this behaviour Gordin and Prescott {Arch, 
Pharm., 1899, 237, 439) have based the following method of estimating 
hydrastine. 10 grm. of the powdered root of Hydrastis Canadensis 
are extracted with 40-50 c.c. of edier as described (page 556) under 
these authors’ method of estimating berberine. The ethereal extract 
is washed into an evaporating basin with 2% sulphuric acid, evaporated 
to dryness, the residue dissolved in acidified water and the solution 
diluted to 100 c.c. 20 c.c. of the latter (equivalent to 2 grm. of the root) 
are measured into a 100 c.c. graduated flask, containing 20-30 c.c. of 
standard iodine solution (al)out j%), the mixture diluted to 100 c.c. 
and shaken until all the pentiodide has separated. The latter is fil- 
tered off and the excess of iodine in the filtrate determined by titration 
with standard sodium thiosulphate solution. 

One part of iodine is equivalent to 0.60403 parts of hydrastine. 

Elvove proposes to estimate alkaloids by the application of Volhard’s 
method of estimating cJilorine (/. Amer, Chem. Soc., 1910, 32, 132). 
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About 0.2 grm. of the substance containing hydrastine is accurately 
weighed and dissolved in 20 c.c. of 4% Jiydrochloric acid and the 
solution evaporated on a water-badi. The residue is evaporated 
twice witli 5 c.c. of alcohol, tlien dissolved in 10 c.c. of water and the 
solution titrated against standard alkali using plienolplithalein as 
indicator. This titration will give appro.ximately the amount of acid 
combined with the alkaloid. The liquid is filtered and if necessary 
the precipitate washed free from chlorides. The filtrate and washings 
are acidifieil with nitric acid and excess of standard silver nitrate solu 
tion added. After filtering off the precipitate the excess of silver in 
the filtrate is determined by titration with standard thiocyanate 
solution using ferric alum as indicator. 

Gravimetric Methods. 

The gravimetric methods described by Gordin and Prescott {loc. 
cit.), Hegland (iVed. Tijd. Pharm.y 1896, 8, 197), Puckner {Phann. 
Rev.y 1908, 26, 132), Roeder {Apolh. Zeit., 1908, 23, 583), Rujip 
(Apoth. Zcit.y 1909, 24, 922) and tliat in the United Slates Pharmaco 
pLi'ia are all very similar and depend on the extraction of the alkaloid 
and weighing it as such. Puckner states tiiat tiie following methods 
are preferable to those described in the United States Pliannacopada. 

5 grm. of the pow'dered rhizome of Hydrastis Canadensis arc 
treated with 50 c.c. of ether and, after standing 10 minutes, 2 c.c. of 
ammonia are added and the mixture allowed to stand for 30 minutes 
with frequent agitation. The mixture is then filtered and the residue 
extracted with a second 50 c.c. of ether. A'ho combined ethereal 
extracts are first shaken with a mixture of 2 c.c. of dilute hydrochloric 
acid and 18 c.c. of water, tlien with 10 c.c. of water containing 5 drops 
of dilute hydrochloric acid and finally with 10 c.c. of water. The 
combined aqueous solution is made alkaline to litmus with ammonia 
and extracted three times with 20 c.c. of ether. The ethereal extract 
is evaporated at ordinary temperature, tlie residue dried at 98-100° 
and weighed. 

In the ca.se of the fluid extract 5 c.c. arc well shaken with an equal 
volume of a 20% solution of potassium iodide and 25 c.c. of water, fil- 
tered and the precipitate washed twice by stirring with 5 c.c. of a i ■ 0 
solution of potassium iodide, the liquid being passed through the filter, 
and then twice with tlie same solution on the filter. The filtrate and 
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washings are extracted three times with 20 c.c. of ether, then with 5 c.c. 
of ether, the ethereal solution filtered through cotton-wool, evaporated, 
the residue dried at 95-98^, and weighed. 

Matthes and Rammstedt {Arch.P/iarm., 1907, 245, 112) for the assay 
of mix vomica, hydrastis and jaborandi, recommend the precipitation 
of tlic alkaloids witli picrolonic acid. In the case of the hydrastis 
rhizome, 6 grm. of the powdered substance are macerated witli a mix- 
ture of 50 grm. of ether, 10 grm. of light petroleum and 6 grm. of 
ammonia solution, the whole being well shaken for half an hour. 6 c.c. 
of water are added and the mixture shaken until the drug aggregates 
leaving a clear supernatant liquid. 50 grm. of the latter (equivalent 
to 5 grm. of the drug) are filtered off, evaporated to one-half the volume, 
treated with 5 c.c. of an N/ 10 solution of picrolonic acid in alcohol and 
kept in a cool place for 24 hours. The precipitated hydrastine picro- 
lonate is collected on a Gooch crucible, washed witii 2 c.c. of a mixture 
of alcohol and ether (1:3), dried for 30 minutes at 110°, and weighed. 
The molecular weight of hydrastine picrolonate is 647, hence tlie 
weight of the latter multiplied by 0.59198 gives the weight of hydrastine. 

In the case of the liquid extract of hydrastis, 15 grm. are evaporated 
to 5 grm. whidi are dissolved in 10 c.c. of water and then extracted 
wiOi a mixture of ether, light petroleum and ammonia as above, 40 
grm. of the ethereal extract (equivalent to 10 grin, of die liquid extract) 
Ijcing used for precipitation. 

Of die tincture of hydrastis, 50 grm. arc evaporated to one-fifth of 
this weight and the residue treated as widi die fluid extract. 

With the exception of die picrate, the salts of hydrastine are gen- 
erally uncrystallisable, or arc obtainable in crystals by special means 
only. Most of diem, except die tannatc and picrate, are soluble in 
water, the solutions having an acid reaction. 

Hydrastine Jiydroclihride and sulphate arc used in medicine.^ 
BTICI is best prepared by passing dr)' hydrogen chloride over die 
surface of a solution of hydrastine in anhydrous and alcohol-free ether. 
After drying over sulphuric acid the precipitate forms a micro-crystal- 
I'ne powder easily soluble in water and cliloroform (vSehmidt and 
Kerstein, Arch, Pharm., 1890, 228, 49). 

The hydrobromide is similar in appearance but less soluble in water. 

I he hydriodide is a yellowi.sh-brown micro-crystalline powder much 


1* crystallised sulphate of hydnastine advertised by some manufacturers is simply 
sulphate of bcrbcrinc, to which the name hydrastine is persistently misapplied. 
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less soluble in water than either the hydrochloride or hydrobromidc. 
The sulphate 6,113804 is similarly obtained by cautiously addin<r a 
solution of strong sulphuric acid in ether to an ethereal solution of 
hydrastine. The salt readily takes up water and forms a gummy mass. 
Beckurts {Arch. Phartn., 1890, 228, 347) describes the ferrocyanidc 
as a w'hite amorphous sparingly soluble powder. 

A tartrate^ B,C4Hg08,4H30, has been prepared by Merck {Chem. 
Zeit. Rep., 1893, 17, 30). It crystallises in white needles, easily 
soluble in hot, but sparingly soluble in cold water. WTen dried at 
105° it loses 12% in weight and leaves a yellowisli fused mass. 

Hydrastinine, CiiHjjOsN, produced together with opianic acid 
by the action of o.xidising agents on hydrastine, forms white crystals, 
melting at 1 16-1 r 7°, or at 100° after heating for some time at that tem- 
perature. It dissolves in water to form a strongly alkaline and very 
bitter solution. It is also soluble in ether, ethyl acetate, benzene, and 
light petroleum, and crystallises from each of these solvents with iHjO, 
which, however, is eliminated in the salts, a fact probably due to the 
formation of a closed ring. 

The solution in water or alcohol is yellow and exhibits fluorescence, 
but it dissolves in anhydrous alcohol-free ether or chloroform to a 
colourless solution. Dobbic and Lauder have found that the absorp- 
tion spectra of the coloured and colourless solutions are entirely 
different {Client. Soc. Trans., 1904, 85, 1005) and from a study of these 
they conclude that the solid substance and that in solution in ether or 
chloroform has the carbinol constitution (I), whilst in aqueous or 
alcoholic solution, hydrastinine has the quaternary ammonium const! 
tution (II) from which the salts are derived. 



Reactions and Detection . — When hydrastinine is oxidised in dilute 
alkaline solution with a cold saturated solution of potassium perman- 
ganate, it is converted almost quantitatively into oxyhydrastinine, 
CiiHijOjN. Excess of the oxidising agent and slight heating carries 
the oxidation to hydrastinic acid, CnH^OaN, a substance crystallising 
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in flat needles melting at 164^", soluble in alcohol and ether, and 
yielding no precipitate with silver, barium or lead salts. 

Hydrastinine, when treated with potassium hydroxide solution, yields 
hydrohydrastinine, C1JI13O2N, and oxyhydrastinine, 

The latter is a feeble base, melting at 97-98° and distilling above 350°, 
and forms cry^stallisable salts. The former base is also formed by the 
action of reducing agents on hydrastinine. It forms white crystals 
melting at 66°, and yields crystallisable salts. 

When warmed with acetic anhydride in benzene solution, hydrastin- 
ine gives an arelyl derivative, CnII^jOgAcN, which crystallises in 
needles m. p. 105°, whilst the corresponding benzoyl derivative can be 
prepared by the vSehotten-Baumann method. The latter compound 
melts at 98-99°. 

Von Bunge states that i part of hydrastinine in 100,000 of water 
can be detected by means of Mayer’s reagent. The reactions observed 
1)V Labat and described under Hydrastine are also given by 
hydrastinine. 

The hydrochloride, CiiII^jOjN.HCl, crystallises in feebly colou*rcd 
needles, soluble in water and alcohol. The aqueous solution is 
optically inactive and feebly fluorescent. 

According to Merck (/c/ 7 . Oslcrrckh. Apoth. Ver,, 1892, 30, 107) 
hydrastinine hydrochloride is always coloured light lemon-yellow. 
Its degree of purity can be ascertained as follows: 0.2 grm. is dis- 
solved in 6 c.c. of water and 6 drops of sodium hydroxide solution 
(1:5) added. Each drop of alkali produces a white precipitate which 
rcdissolves on shaking. The base crystallises out if the clear solution 
is stirred. If the salt is pure the precipitate is quite white and the 
supernatant liquid clear and colourless. Addition of hydrochloric acid 
clfects tlie dissolution of the base and gives lemon-yellow solution, 
^‘imples of the hydrochloride, which, when treated as above, give a 
precipitate not entirely soluble in hydrochloric acid, or leave a turbid 
or coloured mother-liquor after the base has crystallised, are contami- 
iratcd with foreign matter. 

jorissen observes that the blue fluorescent aqueous solution of 
hydrastinine hydrochloride has tire property of instantly reducing cold 
h^esslcr solution with the deposition of mercury. The same reaction 
IS given by morphine, apomorphine and picrotoxin {Ann. Chim. Anal., 
1903, 8, 126). 
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The sulphate^ forms yellow crystals showing a green 

fluorescence, and is soluble in alcohol. 

Canadine, CjqHj^O^N, is an alkaloid accompanying berberine and 
hydrastine in golden seal root. Until recently there was some doubt 
as to its actual existence, Lloyd having failed to detect it in the extract 
from a very large quantity of the root; but F. Wilhelm and E. Schmidt 
have independently isolated the alkaloid, which is identical with 
Lerchen’s Xanthopuccine {Jahresher 1878, 144). 

Schmidt prepared it from crude hydrastine [Arch. Pharm., iSg;, 
232, 136). This was dissolved in acetic acid and precipitated with 
ammonia. The precipitate after washing and pressifig was dissolved 
in dilute sulphuric acid, the filtered solution treated with nitric acid 
and allowed to stand for one or tw’o days, d'he precipitate was dis- 
solved in hot water and the base reprecipitated with ammonia, d'his 
process was repeated until nitric acid gave a white crystalline ])reci[)i- 
tate becoming yellow’ on exposure to light, d'he alkaloid is then 
recr)'stallised from boiling light petroleum and finally from alcohol. 

Canadine forms whiteneedles, m.p. 132.5°, insolulde in w’ater, readily 
soluble in alcohol, ether, chloroform and benzene, diflicultly soluble in 
light petroleum. The alcoholic solution is neutral to litmus and 
phenolphthalein. 

It has been established by Gadamer {Arch. Pharm., igoi, 239, 6.}S) 
that canadine is identical with /-tetrahydroberl>erine, and thus has 
[a]p— 298.2° in P'/^ chloroform .solution. 

Reactions . — Canadine dissolves in sulphuric acid to a yellow solution, 
gradually turning red. Nitric acid also gives a yellow solution. Erd- 
mann’s and ITdhde’s reagents give a transient olive-green colour 
rapidly becoming brownish-red. The alkaloid dissolves in sulpho- 
vanadic acid to an olive-green solution changing to brownish-black. 
It liberates iodine from iodic acid, and reduces a solution of potassium 
ferricyanide and ferric chloride, giving Pru.ssian blue, d'hc solution 
of canadine in pure sulphuric acid is turned browni.sh-black by basic 
bismuth nitrate. 

When heated in alcoholic solution with iodine it forms berberine 
hydriodide. 

The salts are difficultly soluble in water, particularly in the presence 
of excess of the corresponding acids. 

The hydrochloride, C2oH2,O^N,fICl, is a white crystalline powder 
more easily soluble in hot than in cold water, giving a neutral solution. 
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It turns yellow on exposure to light. The plalinicJiloride is a yellow 
amorphous precipitate, and the aurichloride a reddish-brown flocculent 
precipitate. 

The nitrate. BjHNOj, forms small white glistening leaflets, less 
soluble than the hydrochloride in water. 

The sulphate^ BjIIjSO^, crystallises in large colourless plates easily 
soluble in water, associated with vaiydng quantities of yellow needles, 
which probably consist of the hydrated salt. 

The methiodide forms pale yellow crystals, m. p. 22^-232°. 

Calumba, or Columba, is the root of JateorhizaCalumbaoiCocculus 
palmatusj a herbaceous climbing plant occurring in the forests of East 
Africa. 

The calumba of commerce consists of dried transverse slices of the 
root. It possesses mild, bitter tonic properties, and the tincture, 
extract, and infusion are official preparations. The roots of bryonia 
and Frascra Waltcri have been occasionally sold as calumba. 

Calumba has been studied by Gadamer (Arch, Pharm., 1902, 240, 
450; 1906, 244, 255; Chem. Zeit.y 1906, 30, 924), Giinzel (Arch. Pharm., 
1906, 244, 257) and Feist (ibid.^ 1907, 245, 586). These authors have 
isolated from the root three distinct alkaloids, JateorrhizinCf Columba- 
mine and Palmatine. Bcrberine is not present in Calumba. 

Jateorrhizine, Ci7H„(OCIl3)3(OH)2N, is the most soluble of the 
three. It forms a hydriodidc, BJICHjO, which crystallises in reddish- 
yellow needles m. p. 20%-2\o°,d, hydrochloride which crystallises from 
water with 1/2H2O in light yellow needles m. p. 206°, and from 
alcohol with iIGO in copper-coloured needles m. p. 206°. 

d’hc sulphate, B 2,113^04, forms brownish-yellow prisms, and the 
nitrate, B.HNOg, glistening golden -yellow needles. 

Columbamine, Ci7ll8(OH)(OCTl3)4N, is tlie methyl ether of 
jateorrhizine. 

The hydrioduie, B,HI, forms orange needles m. p. 224°, difficultly 
soluble in water and in cold mcUiyl and ethyl alcohols, and having an 
intensely bitter taste. 

The hydrochloride, B,IIC 1 , crystallises with 2.5H2O in yellow 
needles, m. p. 194®, and with 4H2O in brown prisms m. p. 184°. 

'I'he hydrogen sulphate, 11,113804, melts at 220-222°. The 
nitrate, B,HN08,2 1/2H2O, forms lemon-yellow needles, m. p. 232° 
The platinichloride, B2ll2PtClB, is a yellow powder, m. p. 238° 
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(decomp.), whilst the aurichloride, BJIAuCl^, forms slender yellow 
needles, m. p. 220°. 

Palmatine, This, the least soluble of the 

three alkaloids, closely resembles berberine. 

The hydriodidcy B,H 1 , crystalUses in slender yellow needier, m p 
238-240° (decomp,). The aurichloride forms small cinnamon-brown 
crystals. The nitraie, B, 11x03,1.51130, forms slender lemon-yellow 
needles, m. p. 2jS-240°. 

CoJumbin, or Calumba Bitter, exists in ciilumlm root 

to the extent of o,j4 to 0.40% To extract it, the material is exhn listed 
m’th boiling alcohol, the extract evaporated to dryness, the residue 
taken up with hot water, and the filtered liquid shaken with etlier; or 
the tincture is evaporated to a syrup, and shaken with cliloroform. 
The chloroform solution is filtered, evaporated, and treated witli 60' 
alcohol, which dissolves most of the colouring matter. The residue is 
dissolved in strong alcohol, the solution decolourised with animal char- 
coal, and the columbin crystallised. 

Ililger (Apot/t. Zeit., 1896, ii, 73) recommends boiling with ether 
to extract columbin from the root. 

From analyses and molecular weight determinations made by 
Ulrich {Annden, 1907, 351, 363) columbin seems to have the formula 
whilst Frey has shown {ibid., 2) that tlie substance contains 
two hydroxyl groups, since it forms a diacetyl derivative, and a lactone 

0 

ring. Accordingly the formula can be written 037112905(01!) 

CO 

The diacetyl compound crystallises in white needles, m. p. 218°. 

Columbin is an intensely bitter, inodorous, neutral substance. It 
melts at 182°, and crystallises from acetic acid solution in colourless 
trimetric prisms, very slightly soluble in cold water, more freely in hot. 

Columbin is sparingly soluble in cold alcohol, and in 40 parts of the 
boiling solvent. It dissolves with difficulty in cold, more readily in hot 
ether. 

The solution of columbin is intensely bitter; it is not precipitated l>y 
tannin or any metallic salts. 

Columbin di.ssolves in strong sulphuric acid with orange colour, 
changing to deep red; on adding water brown flakes arc deposited. 
Columbin di.ssolves in aqueous alkalis, and is reprecipitated by acids. 
On heating with alkali hydroxide an acid substance is formed. Accord* 
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ing to Houd^, columbin produces vomiting and diarrhoea, o.io grm. 
was fatal to a fowl, death being preceded by digestive disturbance and 
frequent evacuations {Pharm. 1885-6 [Hi], 16, 838). 

Columblc acid, OHC37H30O7.CO2H, is prepared by treating the 
dried alcoholic extract of caluniba root with lime-water, and precipi- 
tating the solution witli hydrochloric acid. 

It has been prepared by Frey {loc. cil) by boiling a solution of 
columbin in strong potassium hydroxide solution, in a current of 
hydrogen. Thus prepared, Columbic acid crystallises in rosettes, 
m. p. 220°. It is somewhat less bitter than columbin, nearly insoluble 
in water, slightly soluble in etlier, more readily in acetic acid and 
easily in alcohol. The alcoholic solution gives a yellow precipitate 
with lead acetate. 


VoL, VI. — 2)7 




CAFFEINE, TEA AND COFFEE 


By J. J. fox and P. J. SAGEMAN. 

CAFFEINE AND ITS ALLIES. 

Ca^einC) Uie characteristic alkaloid of coffee^ was obtained pure in 
1821, when i/!\vas prepared almost simultaneously by Runge, Pelletier 
and Caventon, and Robiquet. In 1827, Oudry discovered a similar 
principle in /€a, and named it theine. Berzelius suggested the identity 
of this with caffeine, and this was afterwards established, as also was 
tliat of the alkaloid of guarana^ called by Martins gmranine. Mati^ 
or Paraguay tea, and Kola nuts contain the same alkaloid, while cocoa 
contains the alkaloid theobromine (a lower homologue of caffeine) in 
addition to small quantities of caffeine. 

Unlike the majority of the alkaloids hitherto described, tlieobromine 
and caffeine are not related to pyridine or quinoline. They are 
respectively the di- and tri-methyl-derivativcs of xanthine, C^FI^OjN^, 
a weak base forming the chief constituent of certain rarely-found urinary 
calculi, and existing constantly to a niinute extent in normal urine and 
in most of the organs of the human body. 

Xanthine is closely related to uric acid, CjII^OgN^, and the whole 
of these bases are classed together as derivatives of ^‘purine,” C5FI^N4. 
1'he synthesis and constitution of purine and its derivatives have been 
worked out by E. Fischer and his co-workers (Ber., 1897, 30, 549, 
1839, 2226, 2604; 1899, 32» 435J Untersuchungen in der Puringruppe, 
1907). 

TEe following formula! show the relationship existing between the 
various purine derivatives: 


iN-=6CH 

I i 

2HC 5C— 7NH 

II jj ^CH Purine 
3N--4C— 9N 


HN— CO 


I i 

OC C— NH 



H N— C— N 
579 


Xanthine or 
2.6-dioxy- 
purine 
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H.N— CO IIN— CO 


oc 

C— XH 

Uric acid, O.C 

t Hj Theobromine, 
C — X or 3.7-dimrfliyl. 

, 

yco 

Of 2.6: S- 



/ 

-C— XH 

trioxypu- 

rine CH3X~ 

/ 

-C— X 

CH3.N- 

-CO 

cicx- 

-CO 


CH3 

Caffeine, 

Theophylline, 

oc 

C— X 

or 1.3.7- 

C — X H 1 .3-dimethyl* 


>CII 

trimethyl- ! 

xanthine 

\cjj xanthine 

CH3.N- 

-C— X 

CTI3.X- 

-C— X 


The close relationship between xanthine and caffeine is establislK'd 
by the synthesis of the latter from the former. Xanthine readily 
dissolves in hot aqueous ammonia and from this solution silver nitrate 
precipitates a 'silver salt, C5ll202N^4Ag2,Il20. A similar lead salt 
may be obtained and tliis on being treated under pressure with methyl 
iodide at 100'^ is converted into theobromine, €5112(0113)202^4- 
The silver derivative of theobromine is then heated at 160*^ with methyl 
iodide and yields trimethylxanthine or caffeine. Fischer has sho\vn 
that uric acid may be readily methylated by treatment of its aqueous 
alkaline solution with methyl iodide whereby tetramethyluric acid is 
formed. Under the action of phosphorus oxychloride this is converti d 
into chlorocaffeine; and when chlorocaffeine is reduced by nascent 
hydrogen, caffeine results. 

Xanthine is a white amorphous powder, occurring in all animal 
tissues, in beet roots and to a small extent in tea extract, from which 
it has been isolated by A. Baginsky and Kossel. Baginsky extracted 
the material with diluted sulphuric acid, treated the clear liquid with 
barium hydroxide solution in excess, and then passed carbon dioxide 
to precipitate the cxcc.ss of barium hydroxide. After filtering and 
evaporating ammonia and silver nitrate were added, and the resultant 
precipitate of xanthine-silver nitrate was crystallised from its solution 
in dilute nitric acid to which some urea had been added. The xanthine- 
silver nitrate so obtained contained 33.6% of Ag, or very nearly the 
amount required by the formula C5ll402N4,AgN03. The weight of 
xanthine obtained from i lb. of tea was only 0.1507 grm. {Pharm, J 
1888 [Hi], 19, 41). It is probable that the xanthine o])taincd in this 
way was somewhat impure. 

Xanthine is only slightly soluble in cold water, alcohol and ether, 
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and is not readily dissolved by diluted mineral acids. It disol ves 
readily in alkali hydroxides, and in hot aqueous ammonia. On care- 
ful evaporation with hydrochloric acid and a crystal of potassium 
chlorate, and treatment of the residue with gaseous ammonia, a 
reddish-violet colour results. 

Xanthine is dealt with more fully in Vol. 7. 

Caffeine, Theine, or i *.3 :7-Trimethylxanthine, 0511(0113)30 
The constitution and synthesis of caffeine have already been de- 
scribed (see page 579). 

Caffeine exists naturally in the following sources, all of which are 
employed for food or preparing beverages; 
a. Coffee; the dried seed of Coffea Arabica, 
h. Tea; the prepared and dried leaves of Camellia TJiea. 

c. Matd or Paraguay tea; the dried leaves and twigs of Ilex Para- 
giiayensis. 

d. Ciuarana or Brazilian chocolate; the dried pulp of the seed of 
PauUinia Cupam. 

e. Kola; the seeds or nuts of the Kola tree (Cola or Stercidia acumi- 
nata) of West Central Africa. 

Caffeine is found in other parts of these plants besides those com- 
monly used for food, and also occurs in small quantity, together with 
theobromine, in cocoa. 

Caffeine is now prepared on a considerable scale from damaged tea. 
Several methods have been employed for the purpose, one of the 
simplest being to exhaust the tea with boiling water, boil the decoction 
with litharge or acetate of lead, and concentrate the filtered solution 
till the alkaloid crystallises out on cooling. The product can be puri- 
fied by sublimation, or by ciystallisation from hot water. 

Caffeine forms long, white, silky, flexible needles, which readily felt 
together to form light fleecy masses. When deposited slowly from an 
aqueous or chloroform solution, the crystals of caffeine present a charac- 
teristic appearance under a magnifying power of 100 to 300 diameters. 

The m. p. of caffeine is given as 233-4® (Strecker); Allen gi^es 
231.5®; German Pharmacopa'ia 230.5, and United Steites Pharmacopitm 
236.8° after drying. The .sublimation-point is 180° (German Pharma- 
copoeia) or 178® (United States Pliarmacoptsia), Caffeine crystallises 
from aqueous solution with i molecule of water, but commercial 
caffeine usually contains rather less than this quantity. 1 he British 
Pliarmacopiria states tliat crystalline caffeine should contain 8.49% of 
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water; Allen found only 7,05 and in two commercial specimens 
and this is more nearly the quantity present in ordinary samples, 
probably owing to efllorescence. I'he water of crystallisation is lost 
by prolonged exposure over sulphuric acid at ordinary temperatures. 

On heating crystallised catTeine to loo*^ the crystals become opacpie 
and friable, owing to the loss of water, the residue consisting of 
anhydrous catTeine and dissolving without turbidity in chloroform. 
According to Mulder, catTeine is deposited in anhydrous crystals from 
alcohol or ether, and under certain conditions from water also. 

The etTect of heat on caffeine is of considerable importance from the 
point of view of its estimation. The alkaloid undergoes only a slight 
loss of weight at 100°; above 100° the lo.ss is greater ami at 120*^ is 
gradual but continuous, and at 178° the catTeine sublimes in long silky 
needles. According to A. Wynter Blyth caffeine sublimes tlislincily 
at 79°; and \V. A. Puckner {Amcr. J. Pliarm., 1905, 77, .^88) states 
that caffeine can be dried without loss at 95° in a llask, but not in an 
open dish and that the caffeine does not become anhytlrous at 100^. 
G. E. Smith, C. M. Caines and G. S. A. Caines working with Allen, 
however, obtained results which undoubtedly ilemonstrated that caf- 
feine can be c.stimated by drying in a water oven and that any loss 
of alkaloid sustained by this method is practically negligible. They 
further show that on heating at 120® a steady and continuous loss of 
alkaloid is sustained. Moreover no loss resulted in evaporating a 
solution of caffeine in chloroform, or on repeatedly evaporating to 
depress with water (A. II. Allen, Pharm. J. 1892, [///), 23, 213.) 

The present writers confirm Allen’s statement that caffeine can be 
repeatedly evaporated with water at 100® in an open beaker, without 
more than the slightest loss of caffeine. 

Caffeine is odourlc.ss, but has a bitter taste. It has a marked physio- 
logical action, and in excessive doses possesses decided poisonous 
properties. Administered to frogs, it produces tetanus and rigor of 
the voluntary mu.sdes. A cat was killed in 35 minutes by administer- 
ing 0.25 grm. of alkaloid. In all experiments with caffeine on the 
lower animals there has been increased frequency of the heart’s action, 
and repeated emptying of the bladder and intestines. After death, 
the alkaloid has been detected in the blood, the bile, ami the urine. 
In man, caffeine incrca.scs the heart’s action, by stimulating the 
cardiac mu.sdes, and excites the nervous .system, and it has been 
stated to be an antidote in nicotine poisoning. 
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The British Pharmacopma gives from 0.07 to 0.35 grm. as the 
medicinal dose of caffeine; the German Pharmacopeda states the maxi- 
mum single dose at 0.5 grm., and the daily maximum dose at 1.5 grm. 

The physiological action of infusions of tea and coffee is in part due 
to the caffeine, but is largely modified by the other constituents— notably 
the taimin, extractive matter, and possibly the essential oil of tea, and 
the cajjeol or essential oil of coffee, 
d'he solubility of caffeine is given in the following tables: 

! Pai'ts of solvent required for i of caffeine 


A. Conmuiille {('omfit, ; r„ickel (Client. ] tt c n 
Retul., 1S75. 81, hi7) Centr., i.So7,2,40i) ; 


Hy- Anhy- Anhy- i 

d rated drous drous 


R('ctificd spirit. 


Commercial ether 476 

i’ure anhydrous ether 

Chloroform 

Carbon disulphide 

I’etroleum spirit 

Carbon tetrachloride 

benzene 


ti2,? 142 

109.8, 18 


'I'he United States Pharmacopeem states that i part dissolves in 5.2 
of water at 80° and 17.1 of alcohol at 60^. 

A systematic study of the solubility of caffeine was made by A. 
Seidell (/. Amer. Chem. Soc.^ 1907, 29, 1091) with the object of 
finding a method of estimating caffeine in mixtures. His results are 
given in the table: 


Water 

I'ithcr 

Chlf)roform 

Acetone 

Ilenzcnc 

benzaldehydo. 
Amylacctate. . . 

Aniline 

Amyl alcohol. . 
Acetic acid. . . . 



loluene 


o f x , Solubility: grm. caffe-' Sp. gr. of sat- 

Sp. 8r. of Teini croture Co grm. of ! urated solu- 

solvent of solution ■ s^',uratcd solution ; tion 
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In headache powders consisting of mixtures of salol, acetanilide and 
caffeine, Seidell obtained a fair approximate separation by digestion 
first with toluene and then with amyl alcohol, most of the caffeine 
being insoluble. 

Chloroform and benzene dissolve out the alkaloid even from its 
acidified aqueous solutions, but the agitations must be several times 
repeated to effect complete extraction. 

I c.c. of cone, sulphuric or cone, nitric acid should dissolve o.i 
grm. of caffeine and give colourless solutions {German Pharmacopma) . 
Hydrochloric acid has no action on caffeine below 200°, but when 
heated under pressure with concentrated hydrochloric acid to 250° 
for 6 to 12 hours caffeine yields ammonia, methylamine, sarcosine, 
carbon dioxide, and traces of fornuc acid. The volume of methylamine 
produced is double that of the ammonia, which proves the presence of 
three NMe groups in caffeine, and establishes the following equation 
for the action: C8H,oOjN,+6H,0 = NH3+ 2N(CH3)H3+ CjIIyO^X 
+ CH3O2+2CO3 (E. Schmidt, Annalen, 1883, 217, 270). 

WTien caffeine is warmed with dilute alkali hydro.xide or boiled with 
concentrated barium hydroxide solution, it at first assimilates the ele- 
ments of water and is converted into an acid, CgHj^OjN^. On further 
treatment, this substance splits up with great facility into carbon 
dioxide and the base caffeidine, C^HjjON^. On still further boiling 
with the alkali this is again decomposed with formation of carbon 
dioxide, formic acid, ammonia, methylamine, and sarcosine (methyl- 
aminoacetic acid). 

Cafeidine-carboxylic acid, CglljjOjN^, or CyHjjON^.COOH, is 
best prepared by digesting finely-divided caffeine for some hours at 
30° in a dilute solution of potassium or sodium hydroxide, neutralis- 
ing with acetic acid, adding cupric acetate (avoiding excess), and decom- 
posing the resultant precipitate by hydrogen sulphide. The liberated 
acid obtained on evaporation of the filtrate in vacuo at the ordinary 
temperature, may be purified by solution in chloroform and precipita- 
tion with benzene, and is thus obtained in the form of a thick oil, which 
on exposure to the air solidifies to a yellowish-white, semi-crystalline 
mass, very soluble in water to a strongly acid liquid. It is soluble in 
alcohol and chloroform, but insoluble in benzene. On boiling the 
aqueous solution of caffeidine-carboxylic acid, carbon dioxide is 
evolved and a reddish oil remains, which when stirred up with a small 
quantity of sulphuric acid and treated with alcohol solidifies to a white 
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crystalline mass of caffeidine sulphate. The reaction affords a ready 
method of preparing caffeidine. It is merely necessary to decompose 
the copper salt with hydrogen sulphide, evaporate the filtrate rapidly, 
and treat it with strong sulphuric acid. The copper salt of caffeidine- 
carboxylic acid, Cu(C8Hii03N4)2, is a pale blue crystalline powder, 
nearly insoluble in water and wholly so in alcohol. The barium, 
calcium, zinc, cadmium, and magnesium salts are nearly insoluble 
in water, but the lead salt is soluble. KA is a yellow oil. On adding 
mercuric chloride to the solution of a soluble caffeidine-car- 
boxylate, a copious white precipitate is obtained which contains 
(C8Hn03N4)2Hg,2HgClj. If this be suspended in water and decom- 
posed with hydrogen sulphide the filtered liquid leaves caffeidine 
hydrochloride on evaporation. 

Caffeidine, C7H,204N, maybe obtained as above described, or may 
be prepared by boiling caffeine with a solution of 10 parts of crystal- 
lised barium hydroxide for half an hour, or until ammonia and methyl- 
antine begin to be evolved. From the product of the action, caffei- 
dine sulphate, BII2SO4, is obtained by acidifying the filtered liquid 
with dilute sulphuric acid, and evaporating the filtrate to a thin syrup, 
when the salt is deposited in readily soluble needles. The free base is 
an oily, strongly alkaline liquid, readily soluble in water, alcohol and 
chloroform, but with difficulty in ether. It reduces sijver oxide, even 
in the cold, and decomposes very readily into ammonia, methylamine, 

NMe.CO 

and cholcstrophane (dimethylparabanic add),CO/ | 

NMe.CO 

Caffeidine nitrate, hydrobromide, and hydrochloride crystallise well. 
BjIIjPtClg crystallises from water in large orange-yellow needles, con- 
taining cither 2 or 4 HjO. 

Allen has proved that caffeine readily undergoes decomposition when 
boiled with lime-water, a fact which has a practical bearing on several of 
the published processes for its estimation. When caffeine is boiled with 
magnesia and water, the decomposition is insignificant, and with litharge 
there is no change; heated with soda-lime at 180®, ammonia is evolved, 
and carbonate and a large quantity of cyanide formed. According to 
Pochleder this last product distinguishes caffeine from piperine, mor- 
phine, quinine, and cinchonine. When.caffeme is ignited with excess 
of soda-lime, the nitrogen is evolved as ammonia, any cyanide formed 
as an intermediate product at a lower temperature being decomposed 
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in the usual manner; but in order to ensure complete conversion of the 
nitrogen into ammonia, it is better to mix the caffeine with about twice 
its weight of cane-sugar (A. II. Allen). 

When caffeine is treated with bromine-water, avoiding excess, and 
the liquid evaporated to diAiiess at loo'^, a yellowish residue is left, 
which becomes crimson-red on further heating, and is turned a mag- 
nificent purple by ammonia. 'I'lic test is very delicate, and is not 
affected by a considerable excess of ammonia. On adding sodium 
hydroxide complete and instant decolorisation occurs. 

Another modification of the test consists in treating a minute quan- 
tity of the solid sulistancc (such as a residue of caffeine left on evapo- 
ration) in a porcelain dish with a few drops of strong hydrochloric acid 
and a minute cry stal of jiotassium chlorate, and evaporating the liipiid 
to dr}mess at loo'^. When cold, the reddish-yellow or iiinkisli residue 
is cautiously moistened with ammonia, avoiding an excess, when the 
characteristic purple colouration is produced; or, preferably, it is exposed 
to ammoniacal vapours by inverting the dish bearing the residue over 
another containing strong ammonia. 

The products of the oxidation of caffeine include amalic acid, which 
by subsequent treatment with ammonia is converted into murexoin; 
the reactions being identical to the eye and parallel in chemical change 
to those yielded by uric acid under like conditions. Thus: 


Uric acid yields 

With the oxidising agent, Alloxantin. 
On adding ammonia, Murexide. 


Caffeine yields 
Amalic acid. 


CJI,(CU3),0,N, 


Murexoin. 


Strong nitric acid may be substituted for the l>rominc-vvater or 
hydrocliloric acid and potassium chlorate; but the reaction is in that 
case for less distinct and easy to regulate, and excess of ammonia must 
be carefully avoided. O. Hchner pointed out that, if the nitric acid 
used be perfectly pure, caffeine fails to give the murexoin reaction, 
but that in presence of a minute trace of hydrochloric acid the colour 
is readily developed. 

Theobromine and xanthine give similar reactions to caffeine with 
an oxidising agent and ammonia. The purple colourations due to 
caffeine and theobromine are decolourised by adding alkali hydroxide 
solution, but that due to uric acid is changed to blue. 
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If caffeine solution is boiled with a strong solution of nitric acid and 
potassium fcrricyanidc a precij)itatc of prussian blue is formed on 
dilution. This test is delicate, but applies to uric acid also. 

When caffeine is heated with a large excess of nitric acid, it is con- 
verted into cholestrophane or dimethylparabanic acid, 


CO 


^XMe.CO 


a compound which crystallises in pearly laminie, m. p. 145.5°, P- 
275 277°, and dilbcultly soluble in cold water and alcohol. It is 
(l('coni|)Osed with great facility by alkalies into symmetrical dimctliyl 
carbamide (melting at 97-100°) and oxalic acid. Hence on adding 
ammonia and calcium chloride to its a([ueous solution, and warming 
the liquid, calcium oxalate is precipitated. 

(.'holeslrophane is also produced (35.4 to 41.8^7) oxidising 
caiTeine with chromic acid mixture, the main action being: 

c,n(cu,)^o,\,'r 03 + 211 , 0 - 

^^*(CH3)3()3X3+NTl3((:H3) + Xn 3 !- 2 C 03 . 

Caffeine is very imperfectly precipitated by the usual alkaloidal 
reagents. Xo reactions result with neutral iodised potassium iodide 
and Mayer’s solution, which behaviour distinguishes caffeine from 
nearly all other alkaloids except theobromine and colchicine. From 
an acid solution however caffeine is (juantitatively precipitated by 
a solution of iodine and potas.sium iodide. Potassio-bismuth iodide 
percipitates caffeine after a time from moderately dilute solutions 
(1:3,000). Phosphomolybdic acid produces a yellowish precipitate, 
soluble in warm sodium acetate solution, the liquid depositing free 
caffeine on cooling. (C8lIjo()2X^.IfCI)2PtCl4 is obtained on adding 
hydrochloric acid and platiqic chloride to a highly concentrated 
solution of caffeine, as an orange precipitate soluble in 20 parts of cold 
and an even smaller quantity of warm water, crystallising again on 
cooling. 

A solution of caffeine in 200 parts of water gives an immediate and 
aljundant precipitate on adding a saturated solution of mercuric 
chloride. With a more dilute solution (1:1,000) crystals appear in a 
few minutes, and in an hour or two an abundant crop of large acicular 
crystals is obtained. With a solution of caffeine in 4,000 parts of water 
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crystals appear after a few days. The precipitate contains - 

HgClj, ancf is much less soluble in excess of the reagent than in pure 
water. Hence the best results are obtained by adding an equal volume 
of a concentrated solution of mercuric chloride to the liquid to be tested. 
The compound is soluble in about 260 parts of cold water, and more 
readily in hot, crystallishig out again on cooling and it also crystallises 
from hot alcohol. The compound is not sufficiently insoluble to be 
applicable to the quantitative precipitation of caffeine (R. H. Davies, 
Pharm. 1890 [m], 21, 253). 

Gallotannic acid precipitates moderately dilute solutions of caffeine, 
the precipitate being somewhat soluble in excess of the reagent. A 
difference of a few degrees in temperature greatly alters the solubility, 
and hence a solution of properly adjusted strength may be perfectly 
limpid at one temperature, and become completely opaque from 
separation of amorphous caffeine gallotannate on cooling a few degrees. 
A similar separation of caffeine tannate is the cause of an infu.sion of 
tea becoming turbid on cooling. 

Salts of Caffeine. — Caffeine is a very feeble base. Its aqueous and 
alcoholic solutions have no action on litmus, and it is extracted from 
aqueous liquids by benzene and chloroform, even in pre.sence of a free 
mineral acid. This behaviour is doubtless due to the facility with 
which the majority of caffeine salts are hydrolytically dissociated on 
dilution. They are decomposed by alcohol and ether as by water, 
and the salts with volatile acids {e. g., acetic) are decomposed on 
exposure to air. The hydrochloride leaves merely free caffeine after 
heating at 100®. Allen found that on adding free caffeine to hot 
water containing a trace of sulphuric acid and coloured with methyl 
orange, the red colour of the liquid was immediately destroyed, 
proving neutralisation of the acid; but an acid reaction was re-es- 
tablished when standard acid had been added equivalent to only 
about 1/20 of the caffeine present. Owing to these facts, certain 
devices have to be employed for the preparation of the majority 
of the salts of caffeine. The oxalate and salicylate are sparingly 
soluble, and can be readily prepared by mixing equivalent quantities 
of the acid and alkaloid in aqueous solution. The citrate is best 
obtained by mixing a chloroform solution of caffeine with an alcoholic 
solution of citric acid, and evaporating the mixture to a syrup. 

The salts of caffeine with acids are so readily dissoated by water 
that in order to obtain the neutral salts considerable excess of acid is 
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necessary. With an excess of acid, and at a sufficient degree of con- 
centration, the alkaloid will momentarily dissolve to a clear solution, 
and then almost immediately crystallise out as salt. 

II. W. Snow (Pharm. 1890 [m], 21, 1185) gives the following 
as the composition of the principal salts of caffeine: 


Caffeine hydrochloride, 
Caffeine hydrobromide, 
Caffeine nitrate, 

Caffeine sulphate (normal), 
Caffeine oxalate. 

Caffeine salicylate, 


B,HC 1 + 2 H 50 
B,HBr+2HjO 
S(B,HN 03 ) + H,0 
B,H,SO, 

Bj.H.CjO. 

B.HC^IIjOj 


Ciiffcine hydrochloride crystallises in colourless prismatic needles. 

It loses the whole of its acid at 75'’. The sulphate is deposited from a 
hot alcoholic solution in shining needles unchanged at ioo°. ^ Caffeine 
nilrale forms line transparent crystals, which when dropped into water 
become opaque, and are converted into pesudomorphs consisting of 
microscopic needles of free caffeine. 

Caffeine gives rise to a number of perhaloids (Gomberg, J., 

- . a \ fmro tludr.. 
Amcr. LkcnL Joe., iSqd, i0, » — ^ — — 

insolubility in water. Thus Gomberg showed that if to a solution of 
caffeine acidified with hydrochloric acid an aqueous solution of iodine 
and potassium iodide were added, a precipitate of effanepmodt e 
('.lI,. 0 ,N,m.I„ resulted. The substance crystallises from metljl 
alcohol in dark blue prisms. Simila^r salts are the di-iodo-hydrwdidc, 
C,lI„0,N,III.I„i.5n,0, consisting of 
iridescent crystals and the dibrowo hydrobromide, 
consisting of orange-coloured crystals. ^ coo 

Caffeine citrate is official in the British Pharmacopaaa of 1898, 
where the formula C,H,oO,N„C,lI, 0 , is ascribed to it. The 
British Pharmacopoeia article is regarded as an mdelimte unstable, 
inaccurately describe.l, and suporlluous preparation {Pharm J., 
1SS8 liii], 10 , 252). Free caffeine has not unfrequently bcen sold .as ^ 
the citrate. The proportion of acid can be directly ascertained in 
the citrate and other caffeine salts by titrating the solution wiffj a 
standard alkali hydroxide (preferably barium a> roxi 
nolphthalein; and the total caffeine can be isolated by he 

itciitraliscd or original aqueous solution with chloro orm. n 
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the dry substance with cold chloroform, only the uncombined caffeine 
if any, will be dissolved out (J. U. Lloyd). 

A strong and stable solution of caffeine can be readily prepared by 
dissolving it in benzoate, cinnamate, or salicylate of sodium or ammo- 
nium. Such solutions arc employed for hypodermic injections; 
caffeine phenate and phthalate have been applied to the same purpose. 
Caffeine sodium salicylate should contain about 40% of caffeine. 

The extraction and estimation of caffeine are fully dealt with in the 
section on tea and coffee (page^^), but the following observations by 
A. H. Allen^ {Pharm. 1892 [///], 23, 215) may be conveniently 
summarised here as they arc of considerable importance for judging 
the value of the processes for estimating caffeine which have been 
proposed from time to time. 

1. Aqueous solutions of caffeine may be concentrated and evaporated 
to di^mess at 100*^, the resulting product being practically anhydrous 
caffeine. No appreciable loss of weight occurs in this operation. 

2. Caffeine can be completely extracted from its acidified or slightly 
ammoniacal aqueous solutions by repeated agitation with chloroform. 
In Allen’s experiments, from a solution slightly acidified with sulphuric 
acid, the first treatment with chloroform extracts from 70 to 85% of 
the total alkaloid. 

3. Charcoal cannot be employed for decolourising caffeine solutions, 
without a considerable adsorption of alkaloid, which is retained with 
extreme persistency. 

4. Caffeine remains completely unchanged by heating to 100° with 
strong hydrochloric acid, or with .sulphuric acid diluted with 1/3 
of its volume of water. 

5. Caffeine is readily decomposed by alkalies. By warming with 
dilute sodium hydroxide, it easily undergoes change, and by boiling 
with lime it is partly decomposed, with formation of ammonia and 
methylaminc (see page 224). 

6. WLcn commercial caffeine is treated with ignited magne.sia and 
water, and the mixture distilled, a slight but distinct formation of 
ammonia is observed, apparently accompanied with traces of volatile 
amines. But the volatile bases are found chiefly in the first fractions 
of the distillate, the latter portions being quite free from alkaline 
reaction; and when carefully purified caffeine is employed, the forma- 


1 Worked out by C. M. Caines, G. S. A. Caines and G. E. Scott-Smith, in Allcn'.s Labora- 
tory. 
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tlon of ammonia and other volatile bases is reduced to a minute trace. 
Hence their formation is more probably due to the decomposition of 
some impurity present in small quantity than of the caffeine itself. 

7. If a mixture of caffeine with magnesia be made into a paste with 
water and dried, the alkaloid can be wholly extracted from the mixture 
by prolonged treatment with chloroform. 

8. When i part of caffeine is dissolved in hot water, and a solution 
of 2 parts of gallotannic acid or tannin prepared from tea is added, 
the caffeine can be accurately estimated by precipitating the solution 
with lead acetate and extracting the concentrated filtrate with chloro- 
form. If however the mixture be concentrated to a syrup, mixed with 
ignited magnesia, and dried at 100°, the whole of the alkaloid cannot 
be extracted by boiling the powdered mass with dry chloroform. 

9. When a decoction of tea is substituted for the foregoing artificial 
mixture of caffeine with excess of tannin a precisely similar result is 
obtained. Whether sand or magnesia be used, the alkaloid is only 
partially extracted, even after prolonged boiling with chloroform or 
ether. 

10. When finely-powdered tea is mixed with slaked lime, ignited 
magnesia, or sand, made into a paste with hot water, and the mixture 
thoroughly dried at loo*^, only a fraction of the total alkaloid can be 
extracted with chloroform. 

11. By prolonged boiling with litharge a decoction of tea becomes 
completely decolourised, but the process is tedious. If after a time 
a small addition of lead acetate be made, clarification occurs in a few 
minutes. 

From the foregoing statements it is evident that the estimation 
of caffeine when in a state of solution presents no great difficulty, 
though the plan of evaporating the liquid witli sand and lime or mag- 
nesia, and extracting the dried mixture with chloroform or ether, may 
give gravely inaccurate results. 

Theobromine, 3. 7 -Dimethyl-xanthine, 

C,H.O,N,. 

The constitution and synthesis of theobromine have already been 
described (page 580). It is the low'cr homologue of caffeine, to which 
alkaloid it presents a dose general resemblance, but differs consider- 
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ably from it in its solubilities. Theobromine is isomeric with theo- 
phylline and paraxanthine. 

Theobromine exists naturally in cocoa, the seed or bean of Thco- 
brorna cacao; and together with caffeine in the kolanut {Stercidia acu- 
minata). An alkaloid apparently identical with theobromine was 
found by Zuller in a specimen of Himalayan tea. 

Theobromine forms a white, cr>'stalline powder, which under the 
microscope appears as trimetric needles and club-shaped groups. 
When heated to about 290° it sublimes without decomposition or 
previous fusion, but melts at 329° in a sealed tube. 

Theobromine has a very bitter taste, wliich is only slowly developed. 
Its physiological action is similar to that of caffeine, but more powerful. 
In large doses it produces well-defined poisonous effects.^ It is elimi- 
nated by the kidneys, and can be detected in the urine. 

Theobromine requires 1,700 parts of cold or 600 of boiling ether 
for solution, dissolves in 105 parts of boiling chloroform, is soluble 
in amyl alcohol, dissolves slightly in benzene, and is insoluble in 
petroleum spirit. Gdckcl (Client. Centr., 1897, 2, 1401) states that 
theobromine dissolves in 4,703 parts of boiling carbon tetrachloride 
and 3,125 parts of boiling anhydrous ether. 

Eminger (Farschurgsber. LcbensmiUcly 1896, 3, 275; Jahresber. 
PJiarm.f 896, 746) gives the following data: 

I part theobromine dissolves in 736.5 parts water at 18^. 

I part theobromine dissolves in 136 parts water at 100°. 

r part theobromine dissolves in 5,399 parts 90% alcohol at 18°. 

I part theobromine dissolves in 440 parts boiling 90% alcohol. 

It dissolves more readily in 80% than in 90% alcohol. 

Theobromine dissolves in acids, and is precipitated from the solution 
by alkalies, but is soluble in excess of ammonia or alkali hydroxides. 
It is wholly extracted from its solution in sodium hydroxide by agita- 
tion with chloroform. 

Theobromine is a weak base, its salts being readily decomposed l)y 
water with separation of the alkaloid (compare Caffeine, page 588). 
The hydrochloride ^ BHCl+HjO, and nitrate^ BIINO,, lose all tlieir 
acid at looT The platinichloride, BjHjPtClfl-l- 2H3O, crystallises in 
oblique prisms, which effloresce in the air and become anhydrous at 
100.° The aurichloride, BIIAuCl^, forms tufts of yellow needles. 


• Veley and Waller TProc. Roy. Soc., 1910, 38a, 568) have estimated the relative toxicity 
of theobromine to caliuinc as (.8:1. 
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An aqueous solution of theobromine forms with mercuric chloride 
a white crystalline precipitate, sparingly soluble in water and alcohol. 

One of the most definite and insoluble compounds of theobromine 
is that with silver nitrate. When a very dilute aqueous solution of 
theobromine nitrate is treated with silver nitrate, silver-white needles 
containing silver form after a short time. The compound is only spar- 
ingly soluble in water, and may be dried without change at loo''. If a 
solution of theobromine in ammonia be treated with silver nitrate, a 
gelatinous precipitate is obtained which dissolves easily in warm am- 
monia, and on boiling the solution for some time, hydrated silver 
theobromine, C^H^OjN^Ag, separates as a granular nearly insoluble 
precipitate. Monthuld {Ann. Chim. Anal. Appl, 1911, 16, 137) 
utilises the formation of insoluble silver theobromine as a method of 
separating theobromine from caffeine. 

Theobromine reacts with alkalies like a weak acid and forms definite 
salts. Thus the sodium salt is obtained by adding theobromine to 
sodium hydroxide until a portion remains undissolved after long 
standing, and evaporating the filtrate in vacuo. The product is desti- 
tute of crystalline structure, is extremely soluble in water, has a strong 
alkaline reaction, and absorbs carbon dioxide from the air. The 
barium salt, (C^H^OjNJjBa, separates on adding theobromine to 
barium hydroxide solution as a mass of microscopic needles, and is 
obtainable as a snow-white felt of silky needles by slowly cooling its 
solution in hot water. If the solution be rapidly cooled, it solidifies 
to a stiff jelly. 

Theobromine yields no product similar to caffeidine when boiled 
with concentrated barium hyroxide solution or alkali hydroxides. By 
such treatment, as also when heated with hydrochloric acid under 
pressure to 240®, theobromine gives the same products as caffeine 

584)- 

The best precipitant of theobromine is a solution of sodium phos- 
photungstate which should be added to a solution strongly acidified 
with sulphuric or nitric acid. The yellow precipitate should be mixed 
with sodium carbonate or magnesia, dried, and the mixture exhausted 
with hot chloroform, which dissolves the theobromine. 

When theobromine is heated with dilute sulphuric acid and lead 
dioxide, carbon dioxide is evolved. Once started, the action con- 
tinues without further application of heat, and if excess of the oxi- 
hising agent and too long heating be avoided the filtered liquid is 
VOL. VI.— 38 
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colourless, but evolves ammonia on treatment with an alkali hydroxide, 
separates sulphur from hydrogen sulphide, colours the skin purple-red, 
and immediately turns blue when treated* with a moderate quantity 
of magnesia. Excess of magnesia destroys the colour, which may be 
restored by cautious addition of sulphuric acid. 

By oxidation with chromic acid mixture, theobromine fields carbon 

NMe.CO 

dioxide, methylamine, and methyl-parabanic acid, CO<^ j 

NH. CO. 

Aqueous chlorine converts it into methyl-urea, NHMe.CO.NIIj, and 
NMe.CO 

methyl-alloxan, CO<^ yCO 

NH. CO 

while treatment with hydrochloric acid and potassium chlorate oxidises 
it to dimethyl-alloxantin, CgH^(CH3)208N4. Theobromine gives 
with oxidising agents and ammonia the same colour-reactions which 
characterise caffeine (page 586). 

For isolation and estimation of theobromine, see under Cocoa. 

Diuretin. — Under this name a preparation has been introduced 
into medicine having the constitution of a combination of sodium- 
theobromine and sodium salicylate, and the formula CyllyOjN^Xa,- 
C,H,(OH).COONa. 

Diuretin is colourless, odourless, slightly soluble in cold water, and 
insoluble in chloroform or ether, but readily soluble in hot water or 
warm dilute alcohol. It is decomposed by carljon dioxide, d'he 
physiological action of diuretin is said to be quite distinct from that of 
the analogous compound of caffeine. It is stated to be much more 
readily absorbed than simple theobromine, and to be devoid of any 
toxic properties, or of the peculiar excitant influence on the central 
nervous system exerted by caffeine. 

Owing to the high price of theobromine as compared with caffeine, 
substitution of the former by the latter alkaloid is possible, and hence 
G. Vulpius (/. Chem. Soc., 1890, 58, 1475) has proposed the follow- 
ing method for the assay of diuretin: 2 grm. of the sample is dissolved 
in 10 c.c. of water in a porcelain dish, the solution acidified with hydro- 
chloric acid, and then rendered faintly alkaline with ammonia, d 
liquid is kept for 3 hours at the ordinary temperature, and frequently 
stirred. The separated theobromine is then collected on a tared fih^'r> 
the ffltrate being used to transfer the last portions from the dish. 
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Gentle suction is used to remove the last of the mother-liquor, and the 
theobromine is then washed twice with lo c.c. of cold water, dried at 
100°, and weighed. By this method, Vulpius recovered from 41 to 
4I-5 ^’o theobromine from pure diuretin, 6.5% remaining in the 
filtrate and washings. Making this allowance, the theobromine 
should not be less than 46.5 Sc, and that isolated should melt when 
carefully heated, be completely volatile, and dissolve readily in sodium 
hydroxide solution. From the filtrate from the theobromine, the 
salicylic acid can i)e isolated by acidifying with hydrochloric acid and 
agitating with chloroform. The separated chloroform is washed with 
water to remove mineral acid, a little water and a drop of phenolphtha- 
lein solution added, and the licpiid then titrated with AVio alkali 
hydroxide. Each c.c. of N / 10 alkali required for neutralisation repre- 
sents 0.0138 grm. of salicylic acid. Diuretin should contain 38. 5^ ^ 
of salicylic acid. The titration completed, the chloroform may be 
separated and evaporated, when the residue will represent the 6.5% 
of theobromine not previously separated, together with any caffeine 
the preparation may have contained. To prove the absence of caffeine 
in diuretin, Vulpius recommends that i grm. of the sample should be 
dissolved in 5 c.c. of water, and tire solution neutralised with hydro- 
chloric acid, when the theobromine will form a milky precipitate readily 
soluble in soda solution. If the mi.xture be shaken with its own volume 
of chloroform, not more than 0.005 grm. of residue should remain on 
evaporating the s<*parate(l chloroform. 

Other compounds of theobromine are also on the market; such are 
sodium-theobroinine-citrate and .sodium-theobrominc-sodium-acctate, 
known also as 

Derivatives of caffeine, such as hydroxycaffeinc and caffeine 
ethylenedia mine, have come into use for mediciital purposes. Fly droxy- 
caffeinc, C^IjoGgN^, has been prepared by the action of alcoholic 
potassium hydroxide on chlorocafieine, and subscriuent treatment with 
hydrochloric acid (Starkenstein, PJiarvi. Cenir., 1907, 47, 618; PZ/um. 

1908 I/7-], I, 630). It crystallises from water in needles, m. p. 
345 "^. It is stated to be a powerful diuretic and to be free from toxicity. 

Theophylline, i:3-l)imethyl.\anthinc, ^ 

('xisting in minute quantity in tea, together with xanthine, hypo- 
xanthine CjH^ON^, and adenine. It is isomeric with theobromine 
‘'ind paraxanthine (occurring in human urine). According to A. 
Kossel {Per., i888, 21, 2i6.j; Zeit. Physiol. CJicm., 1889, 13, 298), 
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theophylline cr}^stallisc.s with ill 20 , which it loses at iio^. It nichs 
at 264° It is easily soluble in warm water, but sparingly in cold alco- 
hol, and is extremely soluble in very dilute ammonia. It forms a crys- 
talline hydrochloride, nitrate, platinichloride, aurichloride, and 
mercurichloride, and combines with sodium hydroxide to form a 
readily soluble compound. When evaporated with chlorinc-watcr, 
theophylline yields a scarlet residue, changed to violet on addition of 
ammonia. The silver-derivative, C7lI;()2X4Ag, is obtained as an 
amorphous precipitate on adding silver nitrate to an ai[iicous solution 
of theophylline. It crystallises from hot ammonia, anti dissolves 
readily in nitric acid. The methyl-derivative, C7I l^MeOjX"^, pre- 
pared by heating the last substance with methyl iodide and methyl 
alcohol, is identical with caffeine. 

For the isolation of theophylline Kosscl extracts tea-leaves with alco- 
hol and evaporates the tincture to a syrup, when most of the caffeine 
crystallises out on cooling. The filtrate is diluted with water, acidified 
with sulphuric acid, filtered after a considerable time, made alkaline 
with ammonia, and precipitated with nitrate of silver. After standing 
24 hours the precipitate is filtered off and warmed with nitric 
acid; on cooling the liquid, the silver nitrate compounds of adenine 
and hypoxanthine (sarcine) crystallise out. The acid filtrate is treated 
with ammonia, and the precipitate suspended in water acidified with 
nitric acid and decomposed by hydrogen sulphide. On concentrating 
the filtrate, xanthine first crystallises, and subsequently theophylline. 
The mother-liquor is precipitated with mercuric nitrate, the free acid 
being nearly neutralised with sodium hydroxide. The precipitate is 
then separated, suspended in water, and decomposed l^y hydrogen 
sulphide, and the theophylline recovered from the filtrate. 

Theophylline is used as a diuretic, for which purpose it is much 
stronger than either caffeine or theobromine, although it acts on the 
heart to a less extent than caffeine. A preparation with sodium acetate, 
used medicinally, is sodium theophylline sodium acetate, ChllyOjXh- 
Na,C2H302Xa, containing upward of 60% of theophylline. It is 
sold under the name of Theocin} 

Adenine or 6-Aminopurinc, C5H5N5, occurs to a small extent in tea 
extract, and was isolated by Kriigcr from tea {Zeilsch. Physiol. Chrni., 
1895, 21, 274). Kriigcr precipitated the adenine as the silver derivative 

* The alkaloid is prepared commcrctally from 8-chlorocafffinc by the .iction of phosplmnis 
oxychloride and chlorine which yield flichlorocalTeinc; this is heated with water and the 
resulting 8'Chlorothe<>'phylline reduced to theophylline (Eng. Pat. 5901 of 190J). 
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from the ammoniacal solution of the extract; and then from an aqueous 
solution of the silver adenine and other alkaloids obtained insoluble 
adenine picrate, C5ll5N5,C(,H2(N02)301I. The adenine silver was 
finally purified by recrystallisation from hot nitric acid. According 
to Kriiger, hypoxanthinc docs not occur in tea extract, but is probably 
derived from the action of tlie nitrous and nitric acid during the recrys- 
tallisation of adenine silver. 

Adenine crystallises from aqueous solution in long needles with 
3II2O. It gives no colour reaction on evaporation with nitric acid 
and treatment of the residue with alkali; but if some of the cr}'stals are 
warmed to 53® they become opaque at this temperature, probably 
owing to loss of water of crystallisation (see Vol. 7). 

TEA. 

Tire tea of commerce is the prepared leaf of Thea cliinensis (and 
perhaps allied species), a shrub-like plant belonging to the genus 
Ciimellia. It occurs native in the Himalayas and Assam, has long 
lieen cultivated in Cliina and Japan, and is now grown largely in 
British India, Ceylon, Brazil, etc. T. assamica is native to Assam. 

It was formerly believed that green and black teas were the product 
of distinct plants, but it is now known that the difference is due to the 
method of preparation, black tea having undergone a certain amount 
of fermentation, whereas in green tea this change is carefully prevented. 

“For black teas, the leaves are witlicrcd a little, rolled to liberate the 
juices, left in balls for the proper state of fermentation, then sun-dried 
and subjected to a careful firing in a furnace. For green teas, the fresh 
leaves arc first withered in hot pans, then rolled to free the juices, 
slightly roasted in the pans, sweated in bags, and returned to the pans 
fora final slow roasting, wu’th stirring, for 8 or 9 hours, beginning 
at the temperature of 69°, and falling to 49® at the close” (A. B. Pres- 
cott). The methods of preparing tea vary materially in different 
countries. In India, the manufacturing processes are very much 
^’implificd, being reduced to five, instead of the twelve practi^'cd in 
f'hina. In addition, the work is nearly all accomplished by machinery, 
^0 that the leaves are not touched by the labourers, except in picking. 
"I'his is partially true also of Japanese tea, whereas Chinese tea was for- 
Jnerly manipulated almost entirely by hand, except when the feet were 
employed. A detailed description of the method of preparing Japanese 
lea has been given by J. Takyama {Client. Nc^vs, 1884, 5 ®j 
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The leaves are gathered from the plants four times a year, and are 
distinguislicd according to tlieir age. Each leaf is at first a ‘‘Flowery 
Pekoe ” leaf, wliich is the name applied to the leaf-bud. This becomes 
in succession “orange Pekoe,” “Pekoe,” “Souchong ist,” ‘‘Souchong 
2nd,” “Congou,” and finally “Bohea.” In some cases the leaves arc 
classified simply as Pekoe, Souchong, and Bohea. The first and 
second pickings of tlie season furnish the finest teas; but the cjuality of 
the product depends on the age of the tree as well as the age of the 
leaf; the finest teas being produced from the young leaves of young 
plants, while old leaves, and the leaves of old wood, are deficient liolh 
in flavour and extract. O. Kellner (Land. VcrsiuJis-Slat., 1S87, 33, 
370) has published analyses of the leaves of the same tea-plant during 
six months (May to November). Ilis figures show a decrease in the 
proportion of total nitrogen, and almost entire disappearance of 
amino-nitrogen in the older leaves. The catTcinc fell from 2.85 to i.oo 
(estimated by evaporating the infusion to dryness with magnesia, ami 
extracting with ether), and the tannin rose from 8.53 to 12.16. The 
hot-water extract remained practically stationary, while the ether- 
extract rose from 6.48 to 22.19. increased from 4.69 to 5.04 

only, but in July fell to 4.29, and in September reached 5.1 1. All the 
a.sh determinations are probably low, and suggest ignition at too 
high a temperature. Such an error would vitiate Oie potash estima- 
tions, which showed a variation from 49.06 in May to 17.31 in 
November. The manganese (MujOJ ranged from 1.2 1 to 2.48, ami 
the chlorine from 1.04 to of the a.sh. 

Besides the foregoing distinctions, based on the age of the leaf, 
there are other classifications based on the the district of growth ami 
the method of preparation. Thus among the chief commercial varie- 
ties of black tea are Assam, Ceylon, Japan, Kai.sow, Moning, ami 
Oolong; and those of green tea, Gunpowder, Hyson, Young Hyson, 
Imperial, and Twankay. Green tea has much declined in popularity 
of late years. 

The colour of black tea has been shown by K. Aso to be due to the 
action of an o.xydasc on tannin, the preliminary treatment in green 
tea destroying the oxydase. 

Mann (/. Asiatic Socy. Bengal, 1901, 70, 154) proved that the 
oxydase in tea leaves is most active below 55® and can be destroyed at 
80'^. The enzyme was found to occur in the unopened tip leaf of the 
shoots and in the stems; it was very sensitive to acids and alkalies uml 
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diminished as the leaf aged. It was found that more highly flavoured 
teas resulted from increased enzymic action; and the enzyme increased 
during the withering of the leaves. The starch persisted during 
withering but disappeared on fermentation. 

Very few complete analyses of tea have been published; and, indeed, 
they have but a limited interest or practical value, since the tea is not 
consumed as a whole, but invariably infused, and the infusion contains 
the tea-constituents in very different proportions from those in which 
they exist in the leaf. 

Kbnig gives the following percentage results as the average of 158 
analyses of various kinds of tea: 


Maximum. 
Minimum. 
AveraRC. . 


Water 

Nitrogenous 

matter 

CalTeine 

Essential oil 

Ethereal 

extract 

i j .0 

38.7 1 

4.7 

i 1 

i$.a 


, 18.3 

I . I 

I 

3-6 

8.S 

34.1 

3.8 

1 0-7 ! 

8.3 



1 

j Tannin 

Various 
nitroRcn- i 
free sub- 
stances 

('rude 


Ash 



fibre 

Sol. in 
water 

' Insol. in 

1 water 

Aqueous 

extract 

Maximum 

3Si ; 


i-S-S 

5-0 

5.6 , 

1 

Minimum 

' 45 ' 


8-5 

1 .6 

! 1-3 

27. S 

AvcraRc 

— 12.4 

30.3 

10.6 

3.0 

3-0 

38.8 


These figures are calculated from analyses by different observers 
and some of the constituents have therefore been estimated by methods 
which arc now super.seded by more accurate processes; but the mean 
values are in fair agreement witli the most recent work. 

J. M. Eder has published estimations {Dingl. Polyt. 1879, 231, 
445 and 526) which differ somewhat from those of other observers and 
iirc probably low in taruiin and in soluble mineral substances. Eder s 
results include 0.1% of Bohcicacid obtained as stated by Rochleder; 
Imt it has been shown by Hilger and Tretzel that boheic acid is merely 
Jui oxidation product of the taiuiin of tea and docs not exist as such in 
tea. Polstorff {Chem. Zenfr., 1909, I, 2014) has detected choline in 
tea leaves. He obtained 3 grm. of choline from 10 kilogrm. of tea. 

Some idea of tlie variations of llie most important constituents in 
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teas of different origin may be obtained from the following table 
(numbers are percentages): 


Observer 

Kind of 
tea 

Mois- 

ture 

Caf- 

feine 

Tan- 

nin 

fk)l. 

Ash 

Insol. 

Sand 

Aqueous 1 Number 
extract of sam- 
ples 

J. Zolcinski(Zfc’i/. 
Analyt. Cheni., 
1898. 37. 36s). 
P. Dvorkovitch 
(Ber., 1891, 

Che.ap 

Chinese. 

('hinese. 

10.6 

8. a 

1.5s 

a. 9 

9.6 


5.9 


29.7 

33-3 

to 

39 

1945). 

. . F. Geisler. . . . 

Oolong. 

S -9 

a 3 

16.4 

3.3 

a . 6 

0.5 

43.3 

13 

. F. Geisler. . . . 

Congo. . 

8.4 

3-4 

11. 5 

3-1 

3.7 



. . F. Geisler. . . . 

Indian. . 

5.8 

3.7 

14.9 

35 

a . I 

0. a 


6 

. F. Geisler 

Japan.. . 

4 .* 

3.5 

14.7 

35 

a.o 

0.4 

50.4 


R. R, Tatlock & 
R. J. Thomson 
(Analyst, 1910, 

Indian. . 

6.8 

35 

14.3 

3-5 

3.3 ^ 

1 

46.4 

10 

35 . ic^). 

R. R. Tatlock & 
R. J. Thomson 
(Analyst, 

1910, _ 35 . *oj). 

I Ceylon.. 

6.8 

3.3 

”•3 

! 9.5 

3-0 

i 

i a -3 

Traces 

i 

1 

44.1 

5 

R. R. Tatlock & ! 
R. J. Thomson 
(A nalyst, 

1910, 35. 103). 
R, R. Tatlock & 
R. J. Thomson 
(Analyst, 

1910, 35 . 103). 

! Chinese. 

7.8 

3*5 

1 

i 

1 

1 

3.3 

i 

i 

o.8> 

43.1 

6 

Java.. . . 

7-5 

3.4 i 

i 

i 

14. S j 

1 

3 .S j 

3 4 

0. 1 1 

44.8 

1 


The following analyses by Y. Kozai {Bulletin No. 7, Imperial College 
of Agriculture, Japan) have a special value owing to the author’s 
knowledge of tea manufacture. Special precautions were taken in 
sampling the leaves to ensure strictly parallel specimens being taken. 
The figures refer to the moisture-free leaves in each case: 


U nnrepared 
leave.<i 

Green tea 

Black tea 


3.30 


3.30 

5.82 

47.33 

4.89 

35.39 

38.90 

10.07 

1 4 • 9,3 




50.97 

ia.91 

27.86 

37.33 

10.44 

5 ^ ^ 

S 3 .74 
10.64 



Crude protein 

i 37.43 
10.06 

Crude fibre i 

Ash 

Albuminoid nitrogen 

4 . 1 1 

t OA 

4 . I I 

Caffeine nitrogen 

0.96 ' 

0.91 

0 ' 9 ^ 

0.96 

Amino- nitrogen i 

X.13 ! 

I . 16 


The proportion of ash found by Kozai is remarkably low, but it 
seems not impossible that this is characteristic of Japanese teas, since 
some analyses by J. Takayama {Chem. News, 1884, 50, 299) show 
the same peculiarity. 

‘ High result due to "gunpowder" with a. 7% sand. 
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An analysis of the so-called “flower of tea,” consisting of the hairs 
of the leaf-buds of the tea-plant, has been published by T. B. Groves 
(Year-book Pharm.y 1876, 610). 

Dried tea flowers have been introduced into Paris from Tonquin 
and according to Perrot and Goris (Rev. Sci. LUnion PJiarm., 1907, 
48, 301, and Pharm. 1907 [iv], 2, 381) contain 2% of caffeine 
and fair quantities of manganese and iron. There are apparently 
two kinds — green and b ack — probably owing to difference in drying. 
The infusion prepared from the flowers of tea is stated to possess a 
very delicate aroma and to be sweeter than ordinary tea infusion. 

James Bell (Foods, i, 6) gives the following figures as illustrating 
the composition of fair representatives of black and green teas of 
commerce: 


: Congou (black) Young Hyson 
; % (Kreen) % 




5.96 


, 1.24 

17.20 


16. 

.80 

7.0s 


Extractive by alcohol, containing nitrogenous matter.. . . 

6.79 


3 60 

3.3 2 

Tannin 

16.40 

Chlorophyll and resin 

4 . 30 

Cellulose and insoluble colouring matter 

34 00 

6.27 

Ash ' 

6.07 

j 100.00 

100.00 


Bell’s values for tannin arc probably too high for ordinary tea. 

The following figures arc given by J. P. Battershall (Food Adulter a- 
tion, page 28) as the results of the analysis by American chemists of 
samples representing 2,414 packages of Indian tea, a class remarkable 
for their general strength, high quality, and freedom from adulteration: 



Maximum, Cc i 

Minimum, % 

Average, % 

Moisture 


S . 83 

5. 94 

Insoluble leaf 

55 ••'^7 

47. ta 

51.91 

Extract 


37.80 

38.84 

Tannin 

18.87 

13.04 

15.32 

Caffeine 


1. 88 

a. 74 

Ash; — Total 

6.02 

S.05 

5.61 

^oluble in water 

4.28 

3.12 

3.53 

Insoluble in acid 

i 0.30 ! 

0.12 

0.18 


A. A. Besson (Chem. Zei!., 1911, 35 > 813) has e.xamincd 86 samples 
^\ith the following results: 
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Kind i Moisture '■ Stalk ; Ash CafTcitie 


Chinese green tea 6.00- 7.69 I 0.4- 5.3 ' 4.88-7.46 ; 3.IJ-3.32 

Fooohow 6.39-9.06 I 4.1-17.S , 4.80-5.73 3.23-3.64 

Hankow 6.48-8.33 | 8.6-17.1 j 4'9S-S f»5 | 2-65-3.64 

Ceylon 4.57-8.13 | S-S- 4 . 3.4 ' 4 S4-5-65 3.80-4.10 

Indian 4.00- 8.08 1 11.5-37.4 ; 4.73-5.64 j 3-.t1-4.1s 

Java 8.33-10.50 j 11,4-39.9 I 5 . 53 - 7 -.t 2 | 3.22-4.54 


Besson found very little relation between the price and quality, as 
determined by the tasting test, and the amount of stalk present in the tea. 

E. Sage {PJtarm. J., 1898, [/r], 7, 106) has furnished the following 
figures for the analysis of Natal teas: 


Mois- ' Caf- Tan- Total Sol. Water Alkalinity 

1 lure feine nin ash ash e.\tract of ash as 

' KvO 


Flowery Pekoe 8.2 .1-o 8.1 S-3 3-4 . 59.9 14 

Golden Pekoe 8.0 2.8 i o . 8 5.3 3.3 4 1 - 6 1.3 

Souchong 9-3 3-.3 10-7 55 .t-6 j8.3 1.5 

Pekoe 9 4 2.9 8.9 5.6 3-7 41 3 1.4 

Broken Pekoe 9-6 3.1 6.7 5-3. 3-4 .36.8 1.2 


Similar figures are given by C. H. Caines and also in the Bull. Imp. 
Inst. (1908, [vi], 1,2). 

Natal tea must not be mistaken for the so-called “Cape tea” and 
“Bush tea,” consisting of the dried leaves and twigs of certain species 
of Cyclopia. According to II. G. Greenish {Pharm. J., 1880 
II, 549, 569, 832), Cape tea is destitute of caffeine or other alkaloid, 
but contains a glucosidal substance called cyclopin, CjuIIj^On, similar 
to cinchona-novatannic acid, and yielding, when boiled with dilute acid, 
de.xtrose and a substance of the formula closely resembling 

cinchona-nova-red. Greenish also found a crystalline substance 
exhibiting a green fluorescence in alkaline solutions, and probably iden- 
tical with the cyclopic acid previously described by A. H. Church 
{Cliem. News, 1870, 22, 2); and likewise a third substance analogous 
to cyclopin, and apparently an oxidation-product of that compound. 
Cape tea yielded Allen 30% of extract, and on ignition left 3.7% of an 
ash containing manganese. 

Analysis of Tea. — The most important analytical data which it is 
usually desirable to obtain are moisture, ash, caffeine, tannin, 
aqueous extract, detection of facing and detection of foreign leaves. 
The above e.stimations together with qualitative tests are usually 
sufficient to furnish a means of judging of the adulteration of tea. 
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Before analysis the sample should be powdered so that the whole 
passes through a sieve with meshes of 0.5 mm. breadth. 

The moisture (determined at ioo°-io5°) contained in commercial 
tea varies within somewhat wide limits (4.2 to 10.8%); but the 
range is far less when teas of the same class arc compared. Thus 
G. W. Wigner {Pharm. J., 1875, [///], 6, 261, 281, 402) found that 
hyson and gunpowders, both of which are highly-dried teas, con- 
tained the smallest proportions of moisture (4.84 to 6.55%), and, 
after drying at 100'^, absorbed from 6.04 to 6.98% of water on 
exposure to air. Congou teas showed in their original condition 
an average of 8.50% of moisture, and never wholly regained their 
original weight on exposure to air after drying at 100°. The average 
proportion of moisture in commercial tea is about 7 - 7 %, and the usual 
range between 7 and 9%. 

Ash. — For the detection of mineral adulterants, the tea should be 
ignited, and the proportions of ash soluble in water and acid de- 
termined. In practice, this is best effected by igniting 5 grm. of the 
tea, in platinum, at as low a temperature as possible. WTien the 
carbon is burnt otf, tlie ash will have a distinct green colour, owing to 
the formation of manganate. The ash is weighed and boiled with 
water, the solution filtered, and tlie residue washed, ignited, moistened 
with ammonium carbonate, very gently ignited, and weighed. 'The 
(litTerence between the weight now found and that of the total ash gives 
that of the ash soluble in water. The insoluble ash is next boiled with 
strong hydrochloric acid, Ure solution diluted with hot water, filtered, 
and the insoluble residue washed, ignited, and weighed. It consists of 
extraneous siliceous matter, such as sand, fragments of quailz, etc., 
and insoluble silicates, such as steatite from the facing of gunpowder 
tea. If titanic iron sand be present, .some of it will almost certainly 
remain undissolved, and present the appearance of jet-black magnetic 
particles. The adulteration of tea with magnetic matter, formerly 
very common, is now obsolete, a clear proof that the mineral admixtures 
Were not due to accidental causes. Magnetic matter is best detected 
by reducing 10 grm. of the tea to powder and spreading it in a Oiin 
layer on a sheet of smooth paper. A magnet is then applied to tlae 
uiidcr-side of the paper and moved laterally, with its poles in contact 
with the paper. Any magnetic matter may thus be readily drawn out 
and separated from the tea. , 

The weighing of the matter actually extracted by a magnet is far 
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more satisfactory than the estimation of the iron existing in the tea. 
Tea naturally contains a small proportion of iron, but it only amouius 
to about 3% of tl\e weight of the ash, or about o.i8% of the entire tea. 
Of course the iron in this form is not affected by a magnet, the use of 
winch has the advantage of e.xtracting the iron in the form in which it 
actually e.xists. 

The solution of the ash soluble in water should be titrated with 
methyl-orange or litmus and standard acid, the volume used being 
calculated to its equivalent of potassium oxide (i c.c. of iV/io acid- 
0.00471 grm. of K2O). 

The analyses qf a very large number of teas show that the propor- 
tion of soluble ash and its alkalinity vary with the age of the leaves, the 
figures yielded being highest with young leaves and teas of high quality. 
The total ash of absolutely pure tea rarely, if ever, exceeds 6%, but 
some licence must be allowed in dealing with commercial samples. 

If tea contains more than 8% of ash calculated on the dry tea, 
adulteration is probable. The soluble ash should amount to at 
least 50% of the total and is frequently nearer 60%. R. R. Tatlock 
and R. J. Thomson (Analyst, 1910, 35 » 103) have recently published 
analyses of various teas and they find that the total ash varies from 
5.14 to 6.65% and in one sample of gunpowder they obtained 8.8y% 
of ash. This sample, however, showed 2.74% of sand. The soluble 
ash in these teas varied from 2.76 to 5.91%, the proportion of sand 
being much less than 1% except in the one case mentioned. 

G. \V. Wigner (Pharm. J., 1875 [in], 6, 261, 281, 402) obtained 
the following average results by the analysis of 68 samples of commer- 
cial tea taken from the original chests. The samples embraced 41 
ordinary character, 18 special teas of high price, and 9 samples of caper. 


Results of analysis of ash, % 



Total j 

Siliceous 

matter 

Soluble in | 
water j 

Alkalinity 
as K.O 

SampUs in commercial state: j 

Maximum ! 

7.03 j 
5-*7 

1 1.67 

0.04 

3.88 
a. 64 

1 .96 

J .08 

Minimum. j 

S. 7 » 

• 0.46 

3-15 

1-45 





Samples after jdrying at ioo°: 

7>43 

! 1.76 

4.16 

3.11 

1 . 36 


5-57 

1 0.04 

3.94 


6-1.1 

0.50 

1-45 

I .54 


! 
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The ash of these 68 samples of tea had the following average composi- 
tion: 



Including silica, 

I etc., % 

Exclusive of 
silica, etc., % 




Soiuhlc in .icid 

Soluble in water 

37.54 1 

, 54-50 i 

40.79 

59 . 21 


1 100.00 I 

100.00 

Alkalinity of soluble ash, as K .;0 


27.26 


James Bell {Foods, i, 29, 31) has published figirtes agreeing with 
those of Wigner. The proportion of soluble ash in genuine teas 
analysed by Bell ranged from 2.8 to 4.2% (calculated on the moisture- 
free tea), the proportion being usually between 3.2 and 3.6%. In one 
instance only did the soluble ash fall below 3^^, and in that case tlie 
deficiency was very trifling, the proportion being 2.97%. The alka- 
linity of the soluble ash of the teas examined by Bell ranged from 1.30 
to 1.91% of KjO. In only one case did the total ash reach while 
the insoluble siliceous matter exceeded 1% in a few instances only. 
Bell’s results arc fairly in accordance with the experience of Allen 
(see Cliem. Xeu^s, 1874, 29, 167, 189, 221), and other observers. 

In certain cases a high soluble ash does not indicate a high quality 
of tea. This happens when the ash contains a notable proportion of 
sodium chloride, owing to the tea having been damaged by sea-water 
and re-dried. The ash of pure tea contains only a trifling proportion 
of sodium, less than 2%, and the chlorine does not exceed 1.1%, 
equivalent to about 1.8% of sodium chloride, representing 0.108% of 
the weight of the tea. Wigner {Pharm.J., 1875 [Hi], 6,403) found 
3.08% of sodium ddoride in tea which had been a fortnight under sea- 
water and completely soaked, and 0.17% and 0.23 in samples which 
had been slightly moistened. 

The following is the composition of the ash of tea, and it will be 
seen that two of the most important constituents are the potassium 
‘iud phosphoric acid. Manganese always occurs in about the propor- 
tions shown. 



6 o6 


CAFFKINK, TEA AND COFFEE. 


Total ash 

Maximum 

Boll {b'oods 10)^ 

n Minimum, 

! 5 . 99 

Mean, 

6.99 

P. van Roni- 
burgh and Loh- 
mann 

Sand 



Silica 

9.27 


2 . s 1 

6 . 26 

.64 

Chlorine 

1.12 


.97 

> - OS 

I . 08 

Potassium oxide (K jO) 

37-71 


26.83 

32.63 

50.62 

Sodium oxide (Xa.*0) 

1.27 


•34 

• 79 

•f >.5 

Iron oxide 

. . ; 2.82 


• 57 

1 ■ 59 

• .5 5 

Alumina 

5-55 


1.54 

3.52 

I -55 

Oxide of manganese (MnsOi) . . . 

2 . 1 1 


1-37 

1.71 

2-57 

Lime 

9 -S 4 


. 8,19 

8.84 

9.27 

Magnesia 

6 . ■! 2 


2.12 

4 • 2 

8.55 

Phosphoric anhydride 

ivS . <;4 


1 2 . 6<> 

15.00 

i 16.60 

Sulphuric anhydride 

6. 68 


5-30 

6 . 24 

j 8.08 

Carbonic anhydride 

13.4a 


9-58 i 

11.50 



Bell’s results were the means of 7 teas, some of the highest figures 
being due to a sample of Moning. Romhurg and Lehmann’s values 
are the mean of 3 Java teas (ZeitscJi. Nahr. Gennssm., 1899, 2, 290), 

Isolation and Estimation of Caffeine. The isolation of caffeine 
in a state of purity presents little difficulty. Provided that the caffeine 
isolated be well crystallised, colourless, free from acid or alkaline re- 
action to litmus, completely soluble in chlorofrom, exerts no reducing 
action on Fehling’s solution, and leaves no ash on ignition, it may 
be regarded as pure. The extraction and estimation of the total 
caffeine in tea (or coffee), however, is by no means a simple matter 
and has received considerable attention in recent years. The methods 
proposed may be divided roughly into four groups. 

a. Extraction of the caffeine by means of boiling water and subse- 
quent treatment of the infusion with lime, magne.sia, litharge or basic 
lead acetate to render tannin, etc., insoluble. 

b. Treatment of the material with lime and magnesia or ammonia 
and extraction with chloroform. 

c. Extraction of caffeine in the material directly by means of aqueous 
sodium benzoate or .salicylate with or without an alkali and subsequent 
treatment of the alkaline liquid with chloroform. 

d. Gomberg’s method whereby the caffeine is extracted by means 
of water and the alkaloid is precipitated in acid solution as a periodidc. 

In the writers’ experience Stahl schmidt’s method {Chetn. Centr., 
1861, 6, 396) as modified by Allen, and Keller’s method to be descrilied 
below, both give satisfactory results; but it is desirable in the latter 

* Bell assumed that the chlorine was combined ns potassium chloride and Rives pota'^siuin 
chloride as a constituent; the iron accordinR to Bell should l>e calculated as ferrous oxide, 
FeO. van Romburgh and Lohmann calculated the Manganese as Mn^O*. 
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case that the nitrogen in the product should be estimated by Kjeldahl’s 
method. Provided the details are adhered to, these mehods are con- 
venient and require comparatively little attention, although tlie indi- 
vidual experiments occupy considerable time. 

a. Allen's Modification of StahlschmidC s Method ~6 grm. of finely 
powdered tea are treated in a flask with 500 c.c. of water, which 
is then kept boiling under a reflux condenser. No Soxhlet extractor 
or similar arrangement is so efiective or rapid as actual boiling with 
the water. After 6 or 8 hours’ boiling, the decoction may be 
filtered, the residue washed with hot water on the filter, and the filtrate 
made up with water to 600 c.c. It is then heated nearly to boiling, 
and about 4 grm. of lead acetate in powder added, a reflux condenser 
attached, and the liquid boiled for ten minutes. If on removing the 
source of heat the precipitate does not curdle and settle readily, leaving 
the liquid colourless, or nearly so, a further addition of lead acetate 
must be made and the boiling repeated. When clarification is effected, 
the liquid is passed through a dry filter. 500 c.c. of the filtrate (=5 
grm. of tea) is then evaporated to about 50 c.c., when a little sodium 
phosphate is added to precipitate the remaining lead or the lead is 
removed by hydrogen sulphide. The li(juid is filtered, the precipi- 
tate washed, and the filtrate further concentrated to about 40 c.c., 
when the caffeine is extracted by repeated agitations with cldoroform, 
at least 4 treatments with which are neccssar)' to ensure the complete 
extraction of the alkaloid. In the great majority of cases the chloro- 
form separates readily. Should an obstinate emulsion be formed, the 
best plan is to place the mixture in a flask, distil off the chloroform, 
treat the residual liquid witlt a few drops of basic lead acetate, filter, 
and agitate the filtrate again with chloroform. The separated chloro- 
form solutions are mixed, and distilled in a tared flask immersed in 
boiling water. The last traces of chloroform are removed while the 
fiask is still hot by a current of air, and the residual alkaloid is weighed. 

The process can be shortened by boiling the tea with 600 c.c. of 
water in the first place, and adding lead acetate witlmut previously 
filtering from the exhausted tea. This modification becomes necessary 
iu the case of certain teas {e.g.y gunpowder), the aqueous decoctions 
^f which filter very' slowly. 

The following results by the above process were obtained by C. M. 
f'aines {Pharm. 7 ., 1892, [///], 23, 218). In some instances the 
caffeine extracted by half an hour’s boiling was determined, in 
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addition to the total amount obtained by 6 hours’ boiling with water. 
The results refer to the moisture-free teas, which were representative 
commercial samples: 




Caffeine 

Description of tea 

Tannin; by 
lead acetate 

Extracted in 

Total; extracted 



30 minutes 

in 6 hours 


i c. ! 

1 

/o 

1 

/o . 


Ceylon, whole leaf (Pekoe). 

Ceylon, broken loaf 

Assam, whole leaf (Pekoe). 

Assam, broken leaf 

Java Pekoe 

Kaisow, red leaf 

Moning, black leaf 

Moyume Gunpowder 

. ^ . ;.SQm;hong. . . . 


Natal Pekoc-£ 


13.01 
1 2 . I 
10.08 
It .33 
ta.93 

ti. 3 S 

11.76 

12.95 

9.90 


3.8s 

4.03 

4.0a 

4.0a 

3.7s 

3-41 

3.74 

2 . 89 
3 .08 


The foregoing process is applicable to the determination of the caf 
feine in coffee^ of which 12 grm. may be conveniently employed. In 
the presence of chicory the extracted alkaloid is liable to be strongly 
coloured, in which case is should be redissolved in water, a few drops 
of sodium hydroxide added, and the liquid again exhausted with 
chloroform. 

Dvorkcmitsch* s method {Ber.y 1891, 24, 1945) has been recom- 
mended by the Association of Official Agricultural Chemists (U. S. A.) 
in the provisional methods for the analysis of tea (1907) and is as follows: 

Digest 10 grm. of the powdered tea with 200 c.c. of boiling water for 
5 minutes and decant the solution; repeat the treatment twice and 
boil the residue twice with 200 c.c. of water. ^ Make up the combined 
solutions to 1,000 c.c. and extract a portion with petroleum spirit to 
remove the fat, etc. To 600 c.c. of the fat-free solution (=6 grm. tea) 
add 100 c.c. of a 4% solution of barium hydroxide, mix and filter. 
To 583 c.c. of the filtrate (=5 grm. tea) add 100 c.c. of a 20% solution 
of sodium chloride and extract 3 times with chloroform. Distil the 
greater part of the chloroform from the combined extracts, place the 
residue in a tared dish, evaporate the remainder of the chloroform, 
dry at 100° and weigh. The caffeine is usually of sufficient purity to 
render a nitrogen estimation unnecessary. 

Hilgerand Juckenack (/.P/tam.,1897, [vi],6, 184, 2Sid.Forschungsh^. 
Lehensy 1897, 4, 49, 145) have modified the above process by using basic 

7 In our experience the time of boiling reoommended is generally insufficient to ensure 
complete extraction of the caffeine. 




aluminium acetate and sodium hydrogen carbonate to precipitate the 
tannin, and evaporating the filtrate with aluminium hydroxide and 
extracting the dried residue with carbon tetrachloride. The method 
has been adopted by the German States. Gadamer states {Arch. 
Pharm., 1899, 237, 58) that Hilger and Juckenack’s method gives 
low results in all cases as the caffeine is not extracted thoroughly by 
the hot water in an hour and a half; and Lendrich and Murdfield 
{Zeit. Nahr. Genusstn., 1908, 16, 647) recommend moistening the 
dried mass with steam before extraction with carbon tetra chloride ; 
otherwise only 60 to 70% of the caffeine is recovered. 

Tatlock and Thomson {Analyst^ 1910, 35, 105) boil 2 grm. of tea 
with 800 c.c. of water for i hour and evaporate the aqueous filtrate 
to small bulk; this is treated with sodium hydroxide solution and 
extracted with chloroform and the chloroform evaporated to dryness. ^ 

b. An accurate method js that due to Keller {Ber. Dent, pharm. 

Ges.^ 1897, 7, 105, and Chem. Centr.j 1897, [f], 1134) as modified by 
Katz {Ber. Deut. pharm. Ges., 1902, 12, 250, and Chem. Centr., 1902 
[ii], 1526). 10 grm. of the tea are treated with 5 grm. of ammonia 

solution and then shaken for half an hour with 200 grm. of chloroform. 
150 grm. of the solution is filtered off and evaporated to dryness; the 
residue is treated with 5 c.c. of ether and then with 20 c.c. of hydro- 
chloric acid (0.5% HCl). The solution is gently warmed to drive off 
the ether and is then filtered warm through a wet filter, and the filtrate 
is extracted 6 times by means of chloroform. The chloroform solution 
is evaporated to dryness and the caffeine weighed. The caffeine from 
tea tends to retain some colouring matter and in this case a nitrogen 
estimation is desirable. 

c. Virchow {Chem. Zeit., 1910, 34, 1037) modifies this method (for 
coffee) by adding a little paraffin wax to the chloroform extract, 
whereby the fat is more conveniently filtered from the aqueous caffein 
solution. 

J. Burmann {Bull. Soc. Chim, 1910, [iv], 5, 239) has recently used 
a similar process for coffee. He recommends that the chloroform 
extract should be placed in a test-tube constricted ajfc two points, and 
evaporated to dryness. An asbestos plug is inserted in the lower con- 
striction and the tube is placed in a bath at 210 to 240® as far as the 

‘ We have found that the boiling in this case is insufficient in some teas for complete 
extraction of the caffeine and the final product is not so clean as that obtained by Allen's 
method, although Tatlock and Thomson claim that the method if carefully carried out 
gives results identical with the process involving the use of tannin precipitants. 

VOL. VI.— 39 
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lower constriction and the heating continued for 3 hours to sublime 
the caffeine. The lower portion of the tube is then cut off and the 
caffeine is removed by a suitable solvent and weighed. 

The use of ammonia m these methods is essential, as chloroform 
alone fails to extract all the caffeine from dried tea as shown by the 
experiments by G. E. Scott Smith working with Allen. Petit and 
Terrat {Atm. Chim. Anal., 1896, l, 228) have shown that all methods 
which depend upon the extraction of the dry material with organic 
solvents give low results. 

The following experiments were made by G. E. Scott Smith. 50 
grm. of commercial black tea of medium quality w'ere powdered and 
boiled with water for 30 minutes. The solution was filtered and made 
up to 1000 c.c. after cooling. Aliquot parts of the solution w'ere then 
treated in the following manner. 

A. 100 c.c. (==5 grm. of tea) was evaporated to a syrup and mixed 
with 5 grm. of ignited magnesia. The mixture was dried thoroughly 
at 100°, powdered, and boiled with ether free from alcohol and water. 

Caffeine extracted by 6 hours’ treatment, 0 059 grm. 

Caffeine extracted by 4 hours’ further treatment, 0.009 grm. 

Caffeine extracted by 3 hours’ further treatment, 0.001 grm. 

Total, 13 0.069= 1. 389^ 

On subsequently boiling the residue with alcohol an additional 0.0605 
grm. of caffeine was extracted, making 2.59% in all. 

B. Was conducted like A, but dry chloroform was substituted for 
ether. The total caffeine extractable by chloroform was 1.54%. 

C. Conducted like A, but rectified spirit was employed at once. It 
extracted 2.81% of brownish caffeine, which was reduced to 2.78% 
by re-solution in water and extraction with chloroform. 

D. Conducted like B, but sand was .sulistituted for magnesia. 
Treatment with dry chloroform extracted successively 0.0365, 0.0175, 
0.0135 o.oo^io grm. of caffeine during 9 hours’ treatment. On 
subsequent treatment with alcohol much tannin and colouring matter 
was extracted. This was precipitated by lead acetate, and the con- 
centrated filtrate shaken with chloroform. Additional yield, 0.070 
grm. making a total yield of 2.77% 

E. 100 c.c. (=5 grm. tea) was heated to boiling, treated with solid 
lead acetate, filtered, and an aliquot part of the filtrate concentrated, 
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freed from lead, and shaken repeatedly with chloroform. Caffeine was 
recovered equivalent to 2.63% of the tea. 

The determuration of caffeine in tea as carried out by Paul and 
Cownley [Pharm. J., 1887 [iii], 18, 417), is as follows: 5 grm. 
of finely-powdered tea is well mixed in a mortar with 2 grm. of 
ignited magnesia, the mixture thoroughly moistened with hot water, 
again triturated, and then dried at loo'^. It is next extracted with 
boiling alcohol, and the resultant liquid evaporated nearly to dry- 
ness. The residue is boiled with 50 c.c. of water, and treated with a 
few drops of dilute sulphuric acid. When cold, the liquid is filtered 
and repeatedly shaken with chloroform until exhausted. The united 
chloroform solution is then agitated with a very dilute solution of 
sodium hydroxide, which removes a little colouring matter, so that on 
subsequently distilling off the chloroform in a weighed flask, the caffeine 
is obtained perfectly pure and colourless, or at most with a faint green 
tinge. 

Paul and Cownley by this method found that Indian and Cingalese 
teas contained a much larger percentage of caffeine than, owing to 
the faulty methods of analysis employed up to that time was com- 
monly supposed, 

Paul and Cownley have also employed the foregoing method of 
determining caffeine for the assay of coffee {Pharm. /., 1886 [f/i], 
^ 7 ) 565, 648) . The caffeine obtained by evaporation of the chloroform 
is liable to contain a small quantity of a brownish waxy or resinous 
impurity, and hence should be purified by re-solution in boiling water, 
and recovered by evaporating the filtered solution and drying the resid- 
ual alkaloid at 100^. By this process they found the proportion of 
caffeine in coffee-berries to vary within comparatively narrow limits, 
and not to be materially affected by roasting. Hence they recommend 
the estimation of the alkaloid in commercial coffee as a means of ascer- 
taining the proportion of chicory or other admixture present. 

c. Georges {J. Pharm. Chim., 1896 [i/i], 4, 58) .considers the 
following process satisfactory. 0.5 grm. of the sample is mixed with 
sand and extracted 2 or 3 times by means of a hot 1% solution of sodium 
salicylate, in which caffeine is readily soluble. The united extracts 
are mixed and evaporated to a volume of about 50 c.c. and the solution 
is then shaken in a separator with chloroform. The chloroform 
extracts are evaporated to dryness and the caffeine weighed. In this 
process it is better to add some ammonia or sodium hydroxide before 
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extracting with chloroform on account of tlie hydrolytic dissociation of 
the sodium salts, especially if sodium benzoate is used. 

d. Gomberg's process (/. Amcr. CJiem. Soc., 1896, 18, 331) was 
devised for the estimation of caffeine m drugs. It depends upon the 
fact that when a solution of caffeine containing hydrochloric acid is 
treated with a solution of iodine and potassium iodide the whole of the 
caffeine is precipitated as periodide, Cj,Hjo02N4,HI,I^. The process 
as modified for tea by Spencer (/. Atncr. Chcm. Soc., 1897, 19, 279) 
is as follows: 5 grm. of tea are boiled for half an hour with 400 c.c. of 
water and then digested for another half hour with an excess of 
ferric hydroxide (freshly precipitated). The liquid is cooled and 
made up to a suitable volume. A definite volume of this solution is 
filtered, acidified with diluted hydrochloric acid, the caffeine precipi- 
tated by a known volume of standardised iodine solution and the pre- 
cipitate allowed to settle after being made up to a convenient volume. 
An aliquot part of the clear supernatant liquid is drawn off and the 
excess of iodine is determined as usual. The amount of caffeine is 
obtained from the value i part iodine = 0.3834 caffeine or 1 c.c. N / 10 
sodium thiosulphate = 0.00485 caffeine. The most accurate results are 
obtained when the iodine solution is used in large excess. ^ 

Modifications of the first two classes of methods involving the use of 
lime have also been suggested, but as it is known that alkali hydroxides 
decompose caffeine to some extent (page 585) the results obtained by 
this means are probably low. 

by American Editor.) I have found the following method 
of estimating caffeine (and theobromine) very .satisfactory. It is based 
upon characteristic reactions. (See page 588.) 

As part of the naturally occurring caffeine is combined as tannates, 
glucosides, etc., it is necessary to adopt some preliminary procedure 
and if possible one that is more complete in its action in all cases than 
the method described on pages 608 to 61 1. Both in extracting the 
samples and in purifying the extract it is very desirable to have a form 
of apparatus that can be used for extraction of liquids with immiscible 
solvents heavier than water and for the percolation of solids, etc. The 
form used by the writer is known as “The Landsiedl Extraction Appara- 
tus” and can be obtained from the larger supply houses. The extract 

> Caffeine is sometimes a constituent of headache powders, and W. A. Puckner has sufi- 
pested its separation from acetanilide by extraction of both substances with chloroform 
in the presence of sulphuric acid. The caffeine is precipitated as periodide and the pre- 
cipitate decomposed by sodium sulphite. 



tions can be made in a Soxhlet apparatus and separatory funnels, but not 
nearly so well, due to the considerable solubility of caffeine in water, etc. 

In the case of tea leaves, ground kola nuts, ground coffee, etc., add 
enough 5% sulphuric acid to thorough!) moisten (and what is necessary to 
penetrate to all parts when thoroughly soaked). The size of the sample 
used for analysis will vary from 2 to 28 grm. due to the probable caffeine 
content. Heat this moist mass in a covered beaker immersed in a 
steam bath or boiling water for about 2 hours so as to break up the 
complex molecules by hydrolysis. Then mix with clean sand if the 
wet mass is too dense to allow penetration of the chloroform. Place 
a plug of cotton in the bottom of the inner tube “A” of the extraction 
apparatus ‘T 3 ” (see Fig. 2) and fill m the moist sample and cover 
with a few thicknesses of filter paper. Pour enough pure chloroform 
into the bottom of “D” to cover to the extent of 0.5 to 0.75 in. Con- 
nect with condenser which fits with ground-glass surfaces. Heat over 
water-bath so that the chloroform boils freely and drips steadily from 
the condenser upon the sample. Continue heating 4 hours. 

Transfer the chloroform solution to a flask and drive off the chloro- 
form by means of a water-bath, until in the case of an Krlenmcyer flask, 
the bottom is just about covered. Evaporate the balance of the chlo- 
roform at very low heat, which is easily done by afliling a little pure 
ether, and driving this off at just below its boilipg-point. 

The caffeine (theobromine) at this stage is generally contaminated 
with resins, fatty oils, tcrpencs, etc. Add a mixture of 15 c.c. of water 
and 5 c.c. cone, sulphuric acid and agitate with 25 c.c. of ether. Sepa- 
rate the layer in a small funnel, washing with only a few cubic centi- 
meters of water. Neutralise the aqueous layer with 20% sodium 
hydroxide (a more dilute solution may result in too large a volume for 
the inner tube of the extractor). When alkaline add dilute sulphuric 
acid until barely acid and then make it alkaline (a few drops excess) 
with ammonium hydroxide. Use inner tube “ C ” which must be abso- 
lutely clean and dry each time, and till about to dotted line W’ith cliloro- 
form. Add the ac^ueous solution and water until chloroform begins to 
run from the exit tube. Have a layer of about 0.5 in. of diloroform in 
the bottom of the extractor “ D.” Place the inner tube in “ D ” so tliat 
the upper projecting edge rests on projections that are blown in the glass 
to support it. (’onnect up and boil the chloroform for about 2 hours. 
This will extract the chloroform in a high degree of purity from tea. That 
extracted from coffee may have traces of colour, but when the nitrogen 
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is estimated it has been found by the writer to be close to the theoretical. 
A discoloured caffeine is due to some of the aqueous layer being 
mechanically carried over with the chloroform. If the operation of 
refining is repeated, it will be white and free from appreciable impurity. 
The chloroform is removed as in the previous case. 

With infusion of tea or coffee already made proceed as follows. 



Fig. 2. 


Take lOO c.c. or less if desirable, of the liquid, add enough hydro- 
chloric acid to make i% HCl and boil with reflux condenser for a half 
hour. Place in inner tube “ C ” and extract for about 4 hours. Refine 
as previously described, after making faintly alkaline. 

Caffeine is advantageously separated from theobromine because of 
its ready solution in benzene, while theobromine is only very slightly 
soluble. 

In Fig. 2 “B” is used as a regular Soxhlet tube when desired.] 

Tannin.— -The tannin of tea is described in Vol. 5. The estima- 
tion of tannin in tea affords valuable information respecting the 



probable presence of previously infused leaves or extraneous tannin 
matters^ such as catechu. 1 his is best effected in the acjucous 
decoction obtained by exliausting the sample with boiling water, as 
required for the determination of the extract. 

The tannin may be estimated by H. R. Proctor’s modification of the 
Ldwentlial process described in Vol. 5. The process as recommended 
by the A. O. A. C. {U , S. Dept. Agric.^ 107) is suitable for 

this estimation. The following reagents are required: 

I. A solution containing 1.33 grm. of potassium permanganate per 
litre; 2. an N j 10 solution containing 6.3 grm. of crystallised oxalic 
acid per litre; 3. a solution containing 6 grm. of indigo-carmine (free 
from indigo blue) and 50 c.c. of concentrated sulphuric acid per litre; 
4. a solution prepared by soaking 25 grm. of gelatin for i hour in a 
salurated solution of sodium chloride, heating until the gelatin is 
dissolved, cooling and making up to 1,000 c.c.; 5. 975 c.c. of saturated 
sodium chloride solution mixed with 25 c.c. of concentrated sulphuric 
acid ; 6. powdered kaolin. 

Rstimatwn. —Ohi^iw the value of the permanganate solution in 
terms of oxalic acid. Boil 5 grm. of tea for half an hour with 400 c.c. 
of water; cool, and make up to 500 c.c. To 10 c.c. of the infusion 
(filtered if not clear) add 25 c.c. of indigo-carmine solution and about 
750 c.c. of water in a large porcelain basin. Add gradually from a 
burette the potassium permanganate solution, with stirring, until the 
colour changes to light green; then cautiously, drop by drop until the 
colour changes to bright yellow, or further to a faint pink at the rim. 
The number of c.c. of permanganate solution used furnishes the value 
a of the formula given below. Mix 100 c.c. of the clear tea infusion 
with 50 c.c. of gelatin solution, 100 c.c. of salt acid solution, and 10 
grm. of kaolin, and shake for several minutes in a corked flask. After 
settling decant through a filter. Mix 25 c.c. of the filtrate (correspond- 
ing to 10 c.c. of the original infusion) with 25 c.c. of indigo-carmine 
solution and about 750 c.c. of water, and titrate with permanganate as 
before. The number of c.c. of permanganate solution used gives the 
value b; a-b = c; c equals the amount of permanganate required to 
oxidise the tannin. Assume that 0.04157 grm. of tannin (gallotannic 
acid) is equivalent to 0.063 grm. of oxalic acid. 

This factor is based oti the assumption that the whole of the tannin 
in tea is gallotannic acid but the assumption is unsatisfactory. 

The process of fermentation to which black tea has been subjected 
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undoubtedly causes modification of the tannin. Allen found that a 
tincture of green tea precipitated tincture of ferric chloride bluish- 
black, like nut-galls, while the tincture of black tea gave a green 
colour with iron, just as catechu docs. 

Some observers, including Allen, regard the tannin of tea as querci- 
tannic acid. Dvorkowitch, on the other hand, takes a factor one-half 
that for querdtannic acid (see his process below). In our experience 
the factor varies with the nature of the tea and lies somewhere between 
those for gallotannic and quercitannic acids. The following are a few 
of the results of experiments made by the writers and indicate the 
differences to be expected between the volumetric and gravimetric 
methods; 



{ Volumetric (AOAC) method; 

1 Result calculated as 

Gravimetric 

Kind of tea 

' Gallotannic acid ; 

. 1 

Quercitannic acid 

method 

Ceylon 

8.3 

us 

i 10. s 

Java 

Indian 

11.8 ! 

17-7 

1 2 . 3 

g.8 

14.7 

10 .0 

China 

6.1 1 

9 - I 

! 8.1 


The gravimetric method used was that due to Tatlock and Thomson 
(page 619), the quinine being estimated and its weight deducted from 
that of the total precipitate. The above differences cannot be attrib- 
uted to gallic acid since quinine does not precipitate it and only a 
very small quantity, if any, is thrown out of solution by the salt acid 
and gelatine reagents. (See also Vol. 3, page 529.) 

It would thus appear that the volumetric processes cannot be relied 
upon to furnish a determination of the absolute amount of tannin in 
tea. 

A modification of the permanganate process, which appears to 
possess some advantages for the examination of tea, has been described 
by P. Dvorkovitch 1891, 24, 1945), who aims not only at esti- 

mating the tannin but also the proportion of fermentation-products 
formed in the process of fermentation to which black tea has been 
subjected. For this purpose he treats 10 grm. of finely-powdered tea 
with 3 successive quantities of 200 c.c. of boiling water, 5 minutes 
being allowed for each digestion. The residue is then boiled twice 
with 200 c.c. of water, or until the last extract is almost, if not entirely, 
free from colour, when the decoction is diluted to i litre. 40 c.c. 
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of this solution is then diluted to 500 c.c. with water, and treated with 
25 c.c. of indigo-carmine solution and 25 c.c. of dilute sulphuric acid 
(200 grm. of H2SO4 per litre). The liquid is then titrated with a 
standard solution of potassium permanganate (containing approxi- 
mately 2.6 grm. per litre), and of such strength that 130 c.c. are equiva- 
lent to 100 c.c. of N / 10 oxalic acid. The mode of adding the perman- 
ganate is important, and Dvorkovitch recommends that in the titration 
of the indigo-carnune 18 c.c. should be added at the rate of 2 to 3 drops 
per second, and the remainder at the rate of i drop per second, 
and that, in the titration of the tea solution mixed with indigo- 
carmine, 23 c.c. of the permanganate should first be run in, the 
addition continued at the rate of 2 to 3 drops per second, and finally 
I drop per second added unil the reaction is complete. If more than 
38 c.c. be required, a smaller quantity of tea infusion should be used. 
To estimate the fcrmentation-producls, 80 c.c. of the tea infusion are 
mixed with 20 c.c. of barium hydroxide solution (containing 4 grm. of 
barium hydroxide per 100 c.c.), the liquid filtered, and 50 c.c. of the 
filtrate (representing 0.4 grm. of the tea) diluted with 500 c.c. of water, 
mi.xed with 25 c.c. of dilute sulphuric acid and 25 of the indigo-carmine 
solution, and titrated with permanganate. 18 c.c. should be run in 
first of all, then 2 or 3 drops per second added, and finally i drop per 
second till the end of the action. The volume of permanganate required 
less that reduced by the indigo solution, represents that required for 
the oxidation of the fermentation-products of 0.4 grm. of tea. Accord- 
ing to Dvorkovitch, the joint weight of tannin and fermentation- 
products is obtained by multiplying the weight of oxalic acid equivalent 
to the measure of permanganate required for their oxidation by 3 i- 3 > 
since 63 grm. of oxalic acid correspond, according to Dvorkovitch s 
experiments, to 31 -3 g^ui. of lea-tannin (as compared with 62.3 of 
quercitannic acid!). Employing this process, he found from 8.84% 
to 10.55% of tannin, and from 0.90 to 1.88 of fermentation-products, 
in teas of the first crop of 1890; and he concludes that the higher the 
proportion of caffeine to the total amount of tannin and fermentation- 
products, the more valuable is the tea. 

Allen and Fletcher's Process.— The Lowenthal process distinguishes 
the tannic acid from the small quantity of gallic acid also present in 
tea, but as the astringent character of the infusion is due to both these 
substances, a method which will estimate the total amount of astringent 
matter, without distinction of its nature, is in some respects preferable 
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to a process that gives merely the amount of tannin, while ignoring 
the gallic acid. Such a process was devised by F. W. Fletcher and 
Allen {Cheni. Ncivs^ 1S74, 29, 167, 189), and was based on the pre- 
cipitation of the tea infusion by lead acetate, and the use of an am- 
moniacal solution of potassium ferricyanide to indicate the complcti; 
precipitation of the astringent matters. In practice, 5 grm. of neutral 
lead acetate should be dissolved in distilled water, and diluted to 1 
litre, and the solution fdtered after standing. The indicator is made 
by dissolving 0.050 grm. of pure potassium ferricyanide in 50 c.c. of 
water, and adding an equal bulk of strong ammonia solution. This 
reagent gives a deep red colouration with gallotannic acid, gallic acid, 
or an infusion of tea. i drop of the solution will delect 0.001 mgrin. 
of tannin, or 0.001 grm. dissolved in 100 c.c. of water. In carrying 
out the process, 3 separate quantities of 10 c.c. each of the standard 
lead solution .diould be placed in beakers, and each quantity diluted 
to about 100 c.c. with boiling water. A decoction made from 2 grm. 
of powdered tea in 250 c.c. of water (the same as is used for deter- 
mining the e.xtract) is added from a burette, the first trial (quantity 
receiving an addition of 12, the second 15, and the third 18 c.c.; or if 
green tea be under examination, 8, 10, and 12 c.c. may be preferably 
employed. Portions (i c.c.) of these trial quantities are passed through 
small filters, and the filtrates tested with ammoniacal ferricyanide 
solution. 

The approximate volume of tea decoction required is tluis easily 
found, and after repeating the test nearly the requisite volume can be 
at once added. In this case about i c.c. of the liquid should he 
removed with a pipette, passed through a small filter, and drops of 
the filtrate allowed to fall on to spots of the indicating solution pre- 
viously placed on a porcelain .slab. If no pink colouration is observed, 
another small addition of the tea decoction is made, a few drops of the 
liquid filtered and tested as before, and this process repeated until a 
pink colour is observed. The greatest delicacy is obtained when the 
drops of liltered solution are allowed to fall directly on to the .spots of 
the indicator, instead of observing the point of junction of the liquids. 

The volume of tea solution it is necessary to add to 100 c.c. of pure 
water, in order that a drop may give a pink reaction with the indicator, 
should be subtracted from the total amount run from the burette. 

The foregoing process is simple, and gives very concordant results; 
but the repeated filtrations requisite for the observation of the end- 



point arc apt to tedious. It is difficult to obtain pure tannin for 
standardising the lead solution, and hence it is preferable to abandon 
the attempt and make pure lead acetate the starting-point. Allen 
found that lo c.c. of the lead solution would precipitate o.oio grm. of 
the purest gallotannic acid he could obtain. Hence, if all the weights 
and volumes above mentioned be adlicrcd to, the number of c.c. of tea 
decoction required, divided into 125, will give the percentage of tannin 
and other jirecipitable matters in the sample. The proportion found 
in undried black tea by Fletcher and Allen ranged from 8.5 to 11.6% 
with an average of . A sample of brown catechu tested by the 
lead process gave a result corresponding to the presence of 119% of 
tannin (sic). (See also page 615.) 

Another simple method for the determination of tannin is that of 
J. M. Fder (Dingl Polyt. /., 1878, 229, 81), which consists in 
treating the boiling decoction of 2 grm. of tea with excess of a 5% 
solution of cupric acetate. The precipitate is separated by liltratioh, 
washed, dried, and ignited. The resultant cupric oxide, CuO, can 
he moistened with nitric acid, re-ignited and weighed as such; or 
re-ignited with suljihur in a closed crucible, and thus converted into 
an equal weight of non-hygroscopic cuprous sulphide, CujS. The 
weight obtained, multiplied by 1.305, gives that of the tannin precipi- 
tated. The method is said to give results correct to within 0.2 to o.3<;t ; 
but any pectous substances .should be previously separated, if present 
in quantity, by precipitation with alcohol. By this method Eder found 
an average of about 10', of tannin in 25 samples of black tea, and 12 
to 12.5% in green and yellow tea. S. Janke, by the same process, 
found from 6.9 to of tannm in black tea (18 samples), and 

8.6 to 9,9 in green. Cupric acetate may be extemporised by mixing 
a solution of cupric sulphate with excess of sodium acetate, but it is 
necessary to acidify the solution faintly with acetic acid. 

C. M. Caines (page 607) obtained results by Eder’s method closely 
agreeing with those yielded l)y the same samples with the lead process, 
and hence the proportion of gallic acid in tea is probably \Qry insig- 
nificant. 

The formation of an insoluble quinine iamiate has been used by 
Tatlock and Thomson (loc. cit.) to estimate tannin in tea. In brief, 
the process consists of cooling the aqueous extract (400 c.c. in volume) 
of I grm. of tea to 15-16° and adding to the liquid a solution of i grm. 
of basic quinine sulphate dissolved in a mixture of 25 c.c. of water 
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and 2.5 c.c. of N sulphuric acid. The solution is stirred well and 
allowed to settle for 15 minutes when the quinine tannate settles 
as a buff coloured flocculent mass. This is decanted through a tared 
filter and finally washed on to the filter with the filtrate. Tatlock and 
Thomson state that the precipitate contains “on an average’' 75% 
of tannin, ' but it would be better in all cases to estimate the quinine in 
the weighed precipitate. By this method Tatlock and Thomson found 
the following proportions of tannin:^ 


Maximum, Minimum. I Averafje, I Number of 
% ' % 1 Vt) ' samples 


Indian tea | 1 5 • o * ? • 3 i ^ 4 • .1 ; 9 

Ceylon ; 1 lo-i | ^ 

China i 10.9 I 9.5 | ^ 

Java ■ «4.S * 


In the case of caper and lie teas, the astringency is often very high, 
owing to an admixture of extraneous tannin matters; but the evidence 
of the presence of such additions afforded by the estimation of the 
tannin of tea is, of course, merely inferential. Strong infusions of 
genuine tea, with the exception of some kinds from India, arc generally 
quite clear, and do not become muddy on cooling. Tea adulterated 
with catechu gives an infusion which quickly becomes turbid on 
cooling. More direct proof of the presence of catechu may be afforded 
by the following test devised by Allen, which, however, should always 
be applied to the suspected tea side by side with a genuine specimen: 
I grm. of the pure tea and an equal weight of the suspected sample 
are infused in loo c.c. of boiling water, and the strained liquid pre- 
cipitated while boiling with a slight excess of neutral lead acetate. 
20 c.c. of the filtrate from pure tea (which should be colourless) when 
treated with a few drops of silver nitrate solution (avoiding excess), 
and cautiously heated, gives only a very slight greyish cloud or precipi- 
tate of reduced silver; but the same tea containing 2% of catechu 
(purposely added) gives a copious brownish precipitate, the liquid 
acquiring a distinctly yellowish tinge. With a somewhat larger pro- 
portion of catechu, the filtrate from the lead precipitate gives a bright 

> The writers find that this method gives fairly concordant results on the same sample d 
the conditions are cU^ely adhered to. 

* A sample of Indian dust gave i6.6 per cent, of tannin. 
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green colour on adding one drop of dilute ferric chloride, while the 
solution of pure tea gives only a slight reddish colour due to the pres- 
ence of acetate. On allowing this liquid to stand, the adulterated tea 
gives a precipitate of a greyish or olive-green colour, the pure tea under- 
going no change. 

These tests, which depend on the properties of catcchuic acid, 
together with the excessive proportion of astringent matters (as shown 
by the lead process), render the detection of any considerable propor- 
tion of catechu tolerably certain; but a means of detecting small 
additions is still a desideratum. 

Extract. — By the term “extract,” when used in reference to tea 
analysis, is understood the sum of the soluble matters extracted from 
the leaf by boiling water. It includes caffeine, tannin, proteins, gum, 
dextrin, colouring matter, mineral matter, etc., besides other less 
important constituents, .such as gallic acid, oxalic acid, and quercitin, 
which substances are present in comparatively small quantity. 

According to Allen the extract is best estimated by boiling 2 grm. 
of the tea in a state of powder with 100 c.c. of water for i 
hour. The liquid is filtered while hot, the residue boiled again 
with 50 c.c. of water, and the process repeated so long as 
colouring matter continues to be extracted, the liquid being poured 
through the filter previously used. After cooling, the decoction is 
made up to 250 c.c., or other convenient measure, and an aliquot part 
(1/5) evaporated to dryness for the determination of the extract. The 
I'll ter and its contents should be dried at 100°, and the insoluble mat- 
ter detached and weighed. Very constant results are thus obtainable. 

The minimum proportion of extract yielded by genuine tea exhausted 
in a state of powder was fixed by the Society of Public Analysts in 1874 
at 30%. Assuming the presence of 7.5% of moisture, this leaves 62.5% 
for the maximum proportion of insoluble matter. This figure covers 
almost all legitimate variations m tea, and is considerably in excess of 
the proportion yielded by green tea, the insoluble matter from which 
averages 42%, while in black teas tlic average is only about 50%. 
In the case of old-leaf Congou teas containing much stalk, which 
have been stored for some time, the extract may occasionally fall to 
30%, corresponding to 62.5% of insoluble matter. In judging a tea 
by the proportion of extract or insoluble matter, it is very desirable, 
when possible, to take into account the character of the sample. Thus 
young leaves (which arc to some extent indicated by their size) yield 



622 


CAFFEINE, TEA AND COFFEE, 


a notably higher extract than fully grown or old leaves, or specimens 
containing a considerable proportion of stalk. 

G. W. Wigner has recorded tlie proportions of extract yielded by a 
sample of tea in powder when boiled with different qujmtities of water. 
In each case the tea was boiled with the water under a reflux condenser 
for I hour, the decoction cooled, filtered, and evaporated to dryness. 


A. I part of tea in aoo parts of water yielded ,14. 10 % of extract. 

II. I part of tea in 100 parts of water yielde«l 30. 5 ^ of extract. 

C. I part of tea in so parts of water yielded ^7.55% of extract. 

D. I part of tea in 20 parts of water yielded 22.90 

E. Exhausted leaves from expt. D in 20 parts water.. S. 17 

F. Exhausted leaves from expt. E in 20 parts water.. . 75 

G. Exhausted leaves from expt. F in 20 parts water.. 1.75, 


,36.57 of extract. 


Even after 4 boilings with 20 parts of water, the tea was not com- 
pletely exhausted. Hence Wigner preferred to estimate the extract 
by boiling the powdered tea once, for i hour, with 100 parts of water, 
instead of repeatedly exhau.sting with smaller quantities. Operating 
in this manner he obtained proportions of extract ranging from 26.15 
to 44.85%, the average being 35.70%, containing 4.63 of ash. 

Tatlock and Thomson have adversely criticised the methods of 
estimating the soluble portion of tea on the grounds that the extractions 
have been insuflicient and they suggest that it is better to boil i grm. 
of powdered tea with 400 c.c. of water for i hour under a reflux con- 
denser, filter and wash the insoluble matter with 80 c.c. of hot water; 
dry and weigh the insoluble residue. The results obtained varied 
from 43.5 to 49.8 for Indian tea, from 41.3 to 48.3 for Ceylon tea and 
from 38.4 to 46.9 for China tea; figures which are on the whole higher 
than those given by other observers. 

Bcythien, Bohrisch and Deitcr {Zcilsch. Nahr. Genussm.^ 1900, 3, 
145) boil 5 grm. of tea with 4 separate quantities of 750 c.c. each of 
water, and dr>^ and weigh the rc.sidue. The results of a large number 
of teas operated on in this way are given: 



Extract 

Total ash 

i 

Soluble ash 

Maximum 

44.8 

6.40 

3-99 

Minimum 

29. 5 

.S . .3 2 

1 2.08 

Average 

JS.o 1 

S.78 

,3 13 


The method adopted by the A. O. A. C. is that of R. E. Doolittle 
and F. O. Woodruff {U. S. Dept. Agr., igoy, Bull. 105). They reconi” 
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mend boiling 2 grm. of tea with 200 c.c. of water for i hour. 'Fhe 
extract is filtered through a tared filter and washed with hot water until 
the filtrate measures 500 c.c. Woodruff and others obtained by this 
method extracts varying from 42.7 to 53.0% {U. S. Dept. AgrL, 1909, 
Bull 122, 79). 

The writers, working by Allen’s method on 32 mixed teas, found that 
die minimum extract was 35^/0 and that it rose as high as 50%. 

It should be noted that although different methods will yield varying 
figures for the same tea, nevertheless for the purpose of detecting 
adulteration a mctliod such as Allen’s (page 621) is quite sufficient in 
view of the wide variations of teas even of the same class. A point of 
some interest as regards the detection of excessive stalk is that the 
stalk of young leaves will yield as much extract as ordinary tea. 

The proportion of extractive matter yielded necessarily varies with 
the method used to exhaust the tea, and is, of course, higher when the 
tea is powdered and the treatment with water long continued and 
carried to an extreme than when tlie whole leaves are used and the tea 
simply infused in boiling water. The latter metliod commends itself 
when the object is to study the character of the infusion likely to be 
yielded in practice, while the former plan gives more information when 
the object is the detection of adulteration. 

An interesting comparison of the results of the two methods has 
been made by J. F. Gcisler, who has published an extensive scries of 
analyses of teas obtained direct from American importers and whole- 
sale houses {Americayi Grocery Oct. 23, 1884; Analyst, 1885, 9, 220). 
The following table by Gcisler .shows the proportions of extract, tannin, 
caffeine, and ash which passed into solution when various representa- 
tive commercial teas were infused under precisely the same condition 
by pouring on tire leaves 100 times their weight of boiling distilled 
water, and allowing tire liquor to “draw” for 10 minutes. The ratio 
which the dissolved constituent bore to the total is also given. 

A comparison of these figures shows that, as a rule, the finer teas 
yield to hot water larger proportions of extract, caffeine, and ash than 
the inferior qualities. On an average, the ash of tire extract exceeds 
by 0.62% the “soluble ash” obtained by treating the ash of the entire 
tea with water. The proportion of tannin rises and falls with that of 
the extract, and the ratio which the dissolved extract and tannin bear 
to the total has a notable relation to the price of the tea. 
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Extract 1 Tannin* i Cat- ! Ash 


Kind of tea 


Fine Ceylon Pekoe tips‘ 

Assam 

Assam 

Finest Moyune Gunpowder.. 
Common Moyune Gun- 
powder. 

Japan basket-fired 

Japan pan-fired 

Choicest Formosa Oolong. . . 
Choicest Formosa Oolong. . . 
Superior Formosa Oolong. . . 

Medium Amoy Oolong 

Medium Amoy Oolong ' 

Choicest Moning Congou .... 
Superior Moning Congou. ... 

Medium Moning Congou 

Good common Kaisow Con- 
gou. 

Common Moning Congou*. . . 


Whole- ; ! 

sale price: ' ; 

;perfb. inj R^tio Infu- 

I cents I gjyjj I jQ j gjyjj 
; I total j 

^ n.2S ! 76.6 I 17.10 

23k ;29.iS ; 7.1.5 iii.4« 

22j i2fl.i;7 , 73.0 I 0.50 

75 '.17. 13 i 71-2 116.79 

id 1 79.4 I 9.36 

ili.75 I 75-6 '11.33 

1417 I 79.6 13.4* 

65 111-63 I 7S.9 ‘12.91 

51 !31-30 i 71-7 iil.75 

30 ;39.oo j 6S.6 I 9.63 

34 127 .40 60.9 jio. 13 

ati 124.50 I 60.S I 7-51 

4S I34.25 ; 70.6 I 5.46 

37 I21.55 i S7-» ' 4.44 

I'yi ,3 1.03 I 68.6 5.55 

174 j 21. 25 I 64.1 I 4.05 

is4 ii9.50 ! 72.2 j 4.50 


feine 


I Ratio Infu- Infu- Ratio 
! to sion I sion ; to 
I total I , total 


75.1 ' 2.44 3.44 : 91.0 

60.8 I 3.30 3.80 70.0 

58.4 ' 2.75 4.40 79.5 

87.8 [ 3.95 4.60 { 55.8 

77.7 1.67 4.03 I 66.1 

i 

74-5 2.17 4.27 i 80.8 

94-4 2.07 3-67 , 63.6 

7 5-6 , 3.50 4.00 : 71 .3 

68.5 3.43 3.97 66.5 

59.6 3.12 3.66 62.3 

56.0 , 1.92 I 3.73 I 68. s 

55.6 1.70 3.2s ! 58.9 

41.7 I 2.87 I 4.13 I 73.7 

32.0 i 2.77 3.70 1 61.5 

45.2 3.33 ! 3.22 j 58.3 

38-5 ' 2.35 3.30 [ 59.9 

52.9 I .95 ' 2.88 j 46.8 


By the same method of lo minutes’ infusion in boiling-hot water, 
E. B. Kenrick {Bulletin No. 24, Laboratory of Inland Revenue Depart- 
ment, Canada) obtained the following average results from commercial 
samples of tea: 

nf I ^ Aqucous ' Tannin Caffeine Ratio of 

■ ^ { samples j extract dissolved i dissolved aq. extract 

to tannin 


Congou ! 10 23.37 5.18 2.65 4.51 

Assam I 3 18.53 7.49 3.98 3.81 

Ceylon 2 37.45 7.85 3.68 3.30 

Un classed black i ij 23.76 5.40 2.82 4.40 

Japan ' 18 10.07 9.I8 3.45 3.20 

Gunpowder ■ 2 28.55 8.00 3.39 3.57 

Young hyson | 5 34.22 10.98 2.52 3.12 


From these figures it appears that congou teas yield less extract than 
green and Japan teas, while Assam and Ceylon teas yield intermediate 
results. Not only do the Japan and green teas yield more soluble 
tannin than the black, but the proportion of tannin to the whole ex- 
tract is greater in the former kinds. On the other hand, the black teas 
appear to yield more soluble cafifeine than the Japan and green teas. 

The following figures by Geisler show the influence of the time 
allowed for infusion upon the proportion of the constituents dissolved, 
and the difference in the result caused by substituting New York 
water (Croton River, of 4.96 degrees hardness per 100,000) for 

1 /ofif . Amer. Chent, Soc., 1891, 13, 237. 

* The ©.itimations of tannin were made by the Ldwcnthal method, except in a few instances 
in which the cupric acetate method was employed. 

• This sample is considered by Geisler to have been adulterated, though its appearance 
did not indicate any admixture with exhausted leaves. — (Private communication to Allen.) 
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distilled water. In each case the tea used was the finest Formosa 
Oolong, and it was infused in 100 parts of boiling water: 




Distilled water 


Croton water 


1 min. 

5 min. 

10 min. 

I hour 

S min. 

10 min. 

Total extract 

• 2 S • 9 7 

3 .S .-:7 

30.87 

3 . 1-75 

27.47 

30.25 

Ash 

3-72 

3 . Ho 

4.17 

4-33 

3.62 

4 . 13 

Extract minus ash 

• 22.25 

24 -.SO 

26 . 70 

29.42 j 

23.85 

26.12 

Tannm. 

9 . 7 '> 

11 . 2 3 

13.46 

14.94 

10.18 

10.60 

Caffeine 

1-95 

2.65 

; 2 . 7 S 

2.85 

2.02 

2.82 

Alkalinity of infusion-ash ( — K.O). . . 

. 1.03 

1 i.oS 

! 1.22 

1.28 

1.08 

1. 15 


From these results it appears that infusion in distilled water for 
3 minutes is insufficient, but in 5 minutes practically as good a result 
is obtained as in a longer time, without so much astringent matter 
being extracted. When Croton water is used, 10 minutes gives a 
materially better result, so far as caffeine and extract are concerned, 
while the proportion of tannin is not increased in the same proportion. 
In all these experiments the volatile oil is left out of consideration, 
though it is to this constituent that the tlavor and aroma of the tea is 
due, and on these characters the commercial value of the tea materially 
depends. The tannin and extractive matter impart astringency, 
strength, and body to the infusion. Caffeine, being almost tasteless, 
is not taken into account by tea-tasters, though physiologically it is 
the most important constituent of tea. 

Tatlock and Thomson pul)lish results of 3 and 5 minutes’ infusion 
of 21 samples of tea, the extract depending to some extent on the 
mechanical condition of the tea. The general results of these infu- 
sions calculated as a percentage on the ingredients extracted are: 


Three minutes’ infusion j Five minutes’ infusion 



Max. 1 

Min. 1 

1 AveraRe j 

Max. 

Min. 

Average 

Water extract 

83 


66 

90 

6s 

79 

Caffeine 

76 

39 

62 

87 

Sa 

77 

Tannin 

70 

1 

39 

5 * 

86 

50 

67 


The conclusion arrived at by these observers are (i) that the caffeine 
in China tea or those containing least tannin is extracted during infusion 
to a greater extent than the tannin or water extract, and (2) that the 
tannin extracted is in almost every case lower than the water extract. 

VOL. VI.— 40 
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In tasting tea, it is usual to infuse the weight of a sixpenny piece 
(43 grains) of the sample in 3 1/2 fluid ounces of boiling water, and 
to pour off the infusion after standing from 3 to 5 minutes, according 
to the practice of the taster. The infusion is not swallowed, and, of 
course, no sugar or milk is added. In the process of manufacture, 
the different sized leaves are separated by sifting, and thus broken 
leaves and dust are obtained, which, though yielding a strong infusion, 
will be sold at a lower rate. Broken or powdered tea loses its aroma 
more rapidly than whole-leaf tea. Hence, in judging of the commercial 
value of a tea, the appearance of the leaf and extent to which it is 
damaged are taken into account as well as the characters of the infusion. 
The infusion is judged by its strength or astringency, its flavor, its 
colour, and its odour. The strength and flavour are dependent on 
the age, and consequently the size of the leaf, and the time the tea has 
been kept since its manufacture. A chemical analysis will indicate 
the strength, but not the flavour of the infusion, and hence is of little 
use in the valuation of high-priced teas; but as in medium and low- 
priced teas the strength is of as great or more importance than the 
flavour, a chemical analysis will, in such cases, go far to indicate the 
commercial value of the tea. The opinion formed of a tea by a pro- 
fessional taster is sometimes very different from that to which a chem- 
ical examination would lead. 

In 1874, Allen submitted to two tea-tasters of considerable experience 
a series of samples which he had specially prepared to test their ability 
to recognise adulterations of tea by the taste. The following were 
the opinions expressed: 


Nature oi sample j 

A’s opinion | 

B’s opinion 

No. T. 70% of No. 2 and ^o% 
exhausted and redried leaves. 

Tasted “washed-out;" no 
doubt from presence of ; 
exhausted leaves. 

Very poor; contained m.any 
exhausted leaves; ranked 

fifth- 

No. 2. Genuine black tea of | 
fair quality. j 

Genuine 

Passed pure; ranlced first. 

No, 3. No. 2 tomewhat 
crushed. 

Mixed with exhausted I 

leaves. 

Would have been the best, 
but lacks strength, and is 
therefore suggestive of ex- 
1 hausted leaves. Ranked 

! third. 

No. 4. 80% of No. 2 and 20% 
of exhausted leaves, to 

1 which a little Na?COi was 
added whiic redrying. 

Genuine; better tea than 
No. 3. 

1 

Not pure, but very slightly 
adulterated with exhausted 
leaves. Ranked fourth. 

No. 5. 80% of No. 2, 20% of 
exhausted leaves, and a 
little catechu. 

{ A washed-out tea to which 
some astringent matter 

1 had been added. 

Passed pure, and ranked 
stcond. 
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It is comparatively unusual for unmixed tea of any kind to be sold 
retail. Blending of several kinds is very generally practised, and 
when conducted judiciously materially improves the character of the 


tea. 

Previmsly infused or exhausted leaves are among the adultera- 
tions of tea most difficult to detect, especially when present only in 
moderate proportion. The sophistication of tea in this manner was 
formerly extensively practised in England, the exhausted leaves being 
treated with gum or other matters, and rolled and redried so as to 
resemble genuine tea. 

The treatment of tea with hot water necessarily results in the removal 
of certain of the ash-constituents, especially the potassium salts of 
organic acids. Hence the exhausted leaves will contain a smaller 
proportion of total ash, and especially of ash soluble in water. The 
extent of the change produced by infusion will, of course, depend on the 
perfection of the exhaustion. Allen found in a mixture of infused 
leaves from various teas 4-30% of total ash, of which 0.52% was 
soluble in water. James Bell (Foods, i, 29) gives the following figures 
obtained by the analysis of the ash of tea leaves which had been 
infused in the ordinary way for domestic use, and afterward redried 
at 100°: 


Ash of sjiinple 


j 

Description of tea i 


Congou 

Moning 

Orange Pekoo, 

Hyson 

Souchong. . . . 


Total, Siliceous 

% ; matters, % 


.t.93 ; 0-41 

4- 5.4 I 

3.77 O.S 7 

5.56 I 1.40 

4.12 0.70 

I 


Soluble in ' Alkalinity, as 

water, % \ K;0, % 


o.';4 I o-ti 
0.8s I 0.28 
0.68 i 0.18 
0.76 ] 0.21 
0.81 0.19 


The total ash of the foregoing samples averages 4 - 38 %> and the 
soluble ash 0.73%. 

Exhausted tea leaves arc also indicated by the deficient extract 
(and consequently high insoluble matter) and low proportion of tannin. 
As already stated, the yield of extract depends materially on the con- 
dition of the tea, more complete extraction of the soluble matters being 
effected when the powdered tea is used than when the exhaustion is 
effected on the leaves in their commercial condition. For the purpose 
of detecting adulteration, the powdered tea should always be used, or 
the results will not be fairly comparable. 
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Essential oil is estimated by distilling a considerable quantity of 
tea (200 grm.) with 1,500 c.c. of water, and agitating the distillate with 
ether. On distilling off the ether the tea oil remains. Eder found 
0.52% of oil in gunpouder and 0.41% in pekoe blootn tea by this process. 
Battershall employed 10 grm. of tea, and saturated the distillate with 
calcium chloride before agitating ether. A good sample of black tea 
yielded 0.87% of volatile oil when examined by this method. 

The process recommended by the A. O. A. C. is to distil 100 grm. 
of tea with 800 c.c. of water, extract the distillate several times with 
light petroleum, evaporate the combined extracts at room tempera- 
ture, dry in a desiccator and weigh. 

Tea oil is a bright yellow liquid, which darkens and resinifics on 
exposure to the air for a few days, and turns reddish-brown with nitric 
acid. Even on exposing the aqueous distillate from tea to the air for 
some time, it loses its aromatic odour, and little or no oil can then be 
separated from it by ether, and even if the distillate be kept in 
closed vessels the aroma is soon lost. This explains the fact that tea 
leaves lose their bouquet by age or exposure. 

The nitrogenous substances other than caffeine are calculated 
from a determination of the total nitrogen by Kjeldahl’s method. 
The nitrogen due to the caffeine found to be present is deducted and 
the difference, multiplied by 6.25, is taken as proteins. Of the nature 
of the nitrogenous substances peculiar to tea little is known definitely, 
and from the point of view of the use of the tea as a beverage, or the 
detection of adulterants, is of no great value. 

Eder found that of the aqueous extract of tea 15 to’ 16% was pre- 
cipitated by strong alcohol. A nitrogen estimation in the precipitate 
gave 12% of proteins and the difference was taken to be gummy 
matter. According to Eder there is present in tea on an average about 
13% of nitrogenous matter insoluble in water. Kozai gave 37 to 39% 
of crude protein in Japanese teas (calculated on the dry tea) and 
Konig’s figures show from 18 to 39%. 

Kellner (Landw. VersuchsStat.y 1887, 33, 370) used a modifica- 
tion of Stutzer’s process for the estimation of total proteins. The 
aqueous decoction of 2 grm. of tea in 100 c.c. of water was treated with 
20 c.c. of a 10% solution of cupric .sulphate and to this was added 
standard aqueous sodium hydroxide in such quantity as to leave some 
copper in solution. The liquid filtered rapidly and was free 
from proteins. The precipitate was washed with hot water and 
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finally with alcohol. The nitrogen in the dried precipitate was then 
estimated by ignition with soda lime. 

Chlorophyll, resin and wax may be estimated by extraction with 
ether of the dried residue from the aqueous “extract.’^ It is desirable 
to extract the ether residue with alcohol, evaporate the alcoholic 
solution to dryness and extract the resinous mass with benzene. The 
benzene solution is evaporated to dryness together with the original 
ethereal extract and treated with hot water to remove any substance 
which escaped extraction in the first instance. 

When either green or black tea is boiled with alcohol or chloro- 
form a solution of a more or less grass-green colour is obtained, owing 
to the extraction of chlorophyll. E. B. Kenrick states that cheap 
black teas yield less chlorophyll than the better kinds, and believes 
that a distinction of practical value might probably be based on a 
colorimetric estimation. 

Gummy matters ‘ are estimated by concentrating the aqueous 
decoction almost to a syrup, treating with excess of alcohol, filtering 
and washing the resulting precipitate with alcohol. The precipitate 
is washed off the filter with hot water, and the solution evaporated to 
dryness at 100®. The organic matter is estimated by the loss on 
ignition and may be regarded as gum. If more accurate results are 
required the nitrogen should be determined and the calculated protein 
deducted from the total organic matter. 

Crude fibre may be estimated by the method described in Vol. i., 
page 70. 


Adulterations of Tea. 

Before the passing of the Adulteration of Food Act of 1872, tea was 
subject to adulterations of the grossest kind, most of which were 
practised prior to importation. By the Sale of Food and Drugs Act 
of 1875, provision was made for the examination of tea by the Custom 
House, and the exportation or destruction of very bad parcels. By 
sections 5 of ii George I. cap. 30, the adulteration of tea by terra 
japonica (catechu), leaves other than leaves of tea, or any other ingre- 
dients whatever, was punishable by forfeiture and a fine of £ 100 , By 
section ii of 4 George II. cap. 14, a penalty of £10 was imposed for 

» Maurenbrecker and Tollens {Ber., 1906. 39. 3S8i) have examin^ Java tea for carb^ 
hydrates and they obtained arai)inosc. d-galactose and glucose. They also found s pVo 
of pentosans, calculated from the furfural obUined on distillation with hydrochloric acid. 
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the sale of every pound of tea which was mixed, coloured, stained, or 
dyed with terra japonica, sugar, molasses, clay, logwood, or with any 
other ingredients or materials whatsoever. Hence the tea now sold 
in tlie United Kingdom is rarely adulterated in the gross manner which 
was formerly common. This statement does not apply to all countries. 
In 1888, Wenda and Wiorogorski described various adulterations they 
had met with in tea sold in Warsaw. Bukowski and Aleksandrow in 
the same year found as much as 40% of ash in tea, and a considerable 
proportion of brass-filings in one sample of tea sold in Russia. 

The adulterants of tea may be conveniently arranged under the 
following four heads: i. Mineral additions used for increasing w^eight 
or bulk; such as sand, magnetic iron ore, brass filings. 2. Organic 
additions used for increasing weight or bulk; such as previously infused 
leaves, and leaves other than those of the tea plant, as sloe, elder, 
willow, etc. 3. Adulterants used for imparting fictitious strength, by 
increasing the astringency or deepening the colour of the infusion; as 
catechu, sodium carbonate, borax. 4. Facings and colouring mate- 
rials; as steatite, prussian blue, indigo, turmeric, graphite, etc. 

The practice of facing tea, formerly very common, is now confined 
to certain kinds of green tea, especially gunpowder, and the mineral 
additions for increasing weight or bulk no longer include (so far as the 
United Kingdom is concerned) considerable proportions of magnetic 
iron ore, etc., as was formerly the case. 

The mineral adulterants and mineral pigments can be detected in 
the ash. The tea may be shaken up with a large volume of water and 
the water separated from the leaves by a sieve, when the insoluble 
mineral substances used in facing will settle and can be removed by 
filtration for further examination. Catechu and other soluble sub- 
stances remain in the filtrate. 

Logwood is mentioned by Eder as an adulterant of tea. To detect 
it, he steeps the tea in cold water. If logwood be present, the resultant 
solution is changed to a bright green on adding a little sulphuric acid, 
and to blackish-blue by a solution of neutral potassium chromate. 

Facings and colouring materials were formerly almost invariably 
present in green tea, the object being to impart a hue demanded by 
custom but not naturally possessed by the leaf. Colouring matters 
have been extensively employed for transforming black tea of low 
quality into superior green. The teas consumed by the Chinese and 
Japanese themselves are not faced. According to Y. Kozai the 
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maximum proportion of facing in the green tea of Japan is 
about 0.4%. 

If a faced tea be examined under the microscope as an opaque 
object, the nature of the facing materials may often be recognised. 
On treating a faced tea with warm water, the colouring matters become 
detached, and the small portions rising to the surface may be floated on 
to a glass slide and at once examined under a microscope, while the 
bulk of the facing is obtained as a sediment when the strained liquid 
is allowed to stand. This deposit often has a distinctly greenish colour 
from the presence of prussian blue or indigo. Indigo may be recog- 
nised by its behaviour with nitric acid. Prussian blue is best detected 
by warming the sediment with alkali hydroxide, filtering, strongly 
acidifying the filtrate with hydrochloric acid, filtering again if necessary, 
and testing the clear liquid for fcrrocyanide with ferric chloride. On 
treating the sediment with the alkali it is sure to turn brown, but this 
change must not be regarded as an indication of the presence of Prus- 
sian blue. The residue left after treatment with the alkali hydroxide 
should be treated with hydrochloric acid, when the insoluble portion 
will usually consist of steatite or other magnesian silicatef the use of 
which gives the tea a peculiar smooth appearance and slippery feel. 
Calcium sulphate is often employed for facing tea. Caper tea is often 
glazed with graphite. Turmeric has been detected by some observers, 
but in Allen’s experience the yellow colouring matter has generally 
been of a ferruginous nature. 

Foreign leaves in tea are legitimately present in small proportion 
lo 3%) impart bouquet, but larger admixtures can only be 
regarded as due to adulteration. As a rule, the odoriferous leaves are 
not allowed to remain in the tea, but having imparted their character- 
istic fragrance to the tea are removed previously to packing. 

For the detection of stems, dust and foreign leaves place i grm. of the 
tea in a 300 c.c. dish and boil with 200 c.c. of water for 15 minutes, 
'rhis will cause the leaves to unroll and a megascopic examination 
should reveal the presence or absence of stems and dust, while the 
leaves will be in a condition for examination as to their form and struc- 
ture (A.O.A.C.). Sloe, elder, and willow leaves have been formerly met 
with in England as adulterants of tea. Among the leaves added abroad, 
and stopped by the Customs, are those of Chloranthus inconspicuus, 
Camellia sasanqua, Eurya Chinensis, and sloe. In 1888 Wenda and 
Wiorogorski found in the teas sold in Warsaw various foreign leaves, 
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which they identified by their anatomical characters. Among the 
leaves recognized were those of Epilobiiim angustifolium, or French 
willow-herb, which formed the great part of the “tea” sold in certain 
localities. They also found the leaves of Epilobium hirsutum (great 
willow-herb), Ulmus campestris (elm), Prunus spinosa (sloe), Fragaria 
vesca (stTa.wherry),Fraxinusexcehior (ash), Sambucus nigra (elder), 
canina (dog-rose), and Ribes nigrum (black currant) (see plates). 
The infusion of willow-herb is darker than that of tea, and gives a pre- 
cipitate of mucilage on treatment with alcohol. An article known in 
Russia as “Karpar tea” also contains an admixture of the leaves of 
Epilobium angustifolium. Tw'o samples examined by J. Nikitinsky 
in 1885 yielded 7.87 and 10.43% ^^sh, 6 representative genuine 

teas yielding from 5.60 to 6.87%. In the recognition of foreign leaves 
in tea, chemistry cannot be expected to play a very active part, though 
it sometimes affords very useful indications. Thus A. Wynter Blyth 
has pointed out (Analyst, 1878, 2, 39) that a crystalline sublimate 
(which he believes to be caffeine) is obtainable from a single leaf of tea. 
For this purpose he boils the leaf for a minute in a watch-glass with a 
very little water, adds an equal bulk of calcined magnesia, and evapo- 
rates the mixture rapidly to a large drop, which is transferred to a 
microscopic cover-glass and evaporated neary to dryness on a heated 
iron plate. It is then covered by a ring of glass, and when the moisture 
is nearly driven off a second slip of glass is added as a cover. At a 
somewhat higher temperature caffeine volatilises, and on examining 
the deposit on the cover under the microscope may be recognised 
by its characteristic appearance. Otiier leaves than tea may give a 
crystalline sublimate, but if no sublimate is obtained the leaf cannot be 
a product of the tea-plant. 

P. Kley (Rec. trav, chim., 1901 [ii], 20, 344) used a similar method 
for the detection of exhausted leaves in tea. 

A. W. Blyth has al.so proposed to utilise the constant presence of 
manganese in tea leaves as a means of recognition. If a single tea 
leaf be ignited in platinum, and the ash taken up in a bead of sodium 
carbonate contained in a loop of platinum wire, on remelting the flux 
after a minute addition of nitre the green colour of the sodium man- 
ganate will be distinctly recognisable. Or a minute quantity of nitre 
and carbonate of sodium can be at once added to the ash on the 
platinum foil, when on fusing the mixture a distinct green colour 
will be obtained if manganese be present. 



ADULTERATIONS OF TEA. 


633 


The following method for the detection of the manganese in the ash 
of a single leaf has been successfully used by the writers. The ash is 
treated with a little diluted nitric acid (sp. gr.1.2) in a test-tube and 
cooled. A little sodium bismuthate is added to the cold liquid, and 
the tube is shaken for 30 seconds. The magenta colour of perman- 
ganate solution forms at once with genuine tea ash and is best seen by 
filtering through ignited asbestos. 

Manganese is present in the leaves of Camellia Thea (tea), Camellia 
Japonicay Camellia sasanqua, Cqffea Arabicay beech, blackberry, and 
sycamore, but not in hawthorn, ash, raspberry, cherry, plum, and rose; 
and only faint traces were detected in the leaves of the Ilex Paraguay- 
ensis, elm, birch, lime, sloe, elder, willow-herb and willow. 

For the detection and identification of foreign leaves in tea, the 
botanical and microscopical characters are best fitted. Some of the 
samples to be examined should be put into hot water, and when the 
leaves have unfolded they are spread out on a glass plate and held up 
to the light, when, with the aid of a lens, the venation, serration, etc., 
can be readily observed. A valuable aid to the examination consists 
in treating the leaves witli a solution of sodium hypobromite, or, as 
suggested by A. Wynter Blyth, a strongly alkaline solution of potassium 
permanganate. In using the reagent, the leaf should be enclosed 
between two microscopic cover-glasses, a weight being placed on the 
upper one to keep it in position. On heating the leaf with the reagent, 
action at once commences, the colouring matter being first attacked 
and subsequently the cell-membranes. When the action is sufficiently 
advanced, the leaf is removed, washed, and immersed in hydro- 
chloric acid, which leaves the leaf as a translucent white membrane 
ill which the details of structure can be readily observed. J. Bell 
removes the skin of the leaf by immersing it in “water containing 
a few drops of nitric acid,’' and gradually heating to the b. p., when 
the skin rises in blisters, and may be readily removed by a camel's-hair 
brush. 

The primary venation of the tea leaf consists of a series of well- 
defined loops, which are not met with in most leaves likely to be used 
as adulterants. The serrations are not mere saw-teeth on the margin 
of the leaf, but actual hooks; they are very strongly marked on mature 
leaves, but arc indistinct or almost wanting in the delicate leaf-buds 
which constitute “ flowery pekoe.” The serration stops short abruptly 
at some distance from the base. The Assam tea leaf is sometimes 
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biserrate. At the apex of the tea leaf there is a distinct notch, instead 
of a point. The epidermis of the under-surface is seen under the 
microscope to consist of distinct sinuous cells, with numerous oval 
stomata, and a few, long unicellular hairs. On the upper surface the 
stomata are less numerous. If the under surface of the tea leaf be 
examined under the microscope after separation of the cuticle, the 
peculiar and characteristic space between the twin cells of the stomata 



Fig. 3. — Powdered Tea. cr, crystab; ei, lower epidermis; en, neutral epider- 
mis; ep, apex of marginal tooth; es, upper epidermis; jiv, debris of fibrovascular 
bundles; /. bast with duster crystals; #», spongy parenchyma; p, simple hairs; 

palisade cells; per, pcricycle, slightly lignified ; sc, idioblasts from the me>o- 
phyll and cortical tissue; j'c', idioblasts from the pith of the stem; t f, tracheids; 
t'i, vessel. X240. (Greenbh and Collin.) 

may be readily perceived. Tea hairs are conical, pointed, slightly bent 
toward the base. They have very thick walls, and the central duct 
usually contains granular matter. Numerous hairs are observable on 
young tea leaves, but on old leaves they are sometimes wholly wanting. 

T. Taylor has pointed out the presence of “stone cells” in the leaves 
of tea and Camellia Japonica, and confirms the observations of Blyth 
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as to the absence of these formations in the leaves of the willow, sloe, 
beech, ash, black-currant, raspberry, and Ilex Paraguayemis. Taylor 
prepares the leaves for examination by boiling tliem m a strong solution 
of potassium or sodium hydroxide. 

It has been pointed out by Tchirch {Schweiz Wochensch., 1905, 43, 
321, and Pharm. J., 1905 [iv], 2, 195) that the idioblasts or “stone 
cells” are wanting in the leaves of the bud and even in the very young- 
est leaves they are difficult to find. Tchirch makes a point of the 
fact that the idioblasts occur more frequently in the oldest leaves and 
therefore in the least valuable tea. 

In die leaf of the blackthorn or sloe {Primus communis or P. spinosa) 
the serratures are direct incisions, numerous, often irregular, and 
extending to the base. There arc no spines. The cells of the epi- 
dermis are not sinuous, and are much smaller than diosc of tea, 
especially on the under surface. The cells on the upper surface are 
striated. The stomata of the sloe leaf are smaller and less numerous 
tlian those of tea. The hairs are shorter and coarser than those of the 
tea leaf, are marked in a peculiar manner, and have a club-shaped 
enlargement at the base. (Plate II, Fig. 26.) A specimen of sloe 
leaves gathered early in September gave, after drying, the following 
results (Allen): Moisture, 6.40%; insolulde matter (on whole leaves), 
55.90; tannin (by gelatin), 16.00; gum, 8.90; total ash, 8.74; and ash 
soluble in water, 4.70%. 

I'he leaf of the elder {Samhucus nigra) is more pointed daan that of 
tlie tea-plant, and the lobes arc unequal at the base. The serrations 
are direct incisions. The midrib has hairs on it, and on the leaf itself 
there arc two distinct kinds of hairs—one, a short, spinous hair, and 
the other jointed and club-like. (Plate I, Fig. 7.) 

In the leaf of the willow {Salix alba) the serrations much resemble 
those of tea, but the cells of both the upper and under epidermis are 
much smaller than in tea, and the walls are not sinuous. The hairs, 
which arc very abundant on both sides of the leaf, arc long, unicellular 
and sinuous. The elongated form of the willow-leaf and tlic char- 
acter of the venation also distinguish it from tea. (Plate I, Fig. 4.) 

The appearance of the leaf of the hawthorn {Crataegus monogyna 
and C. oxyacanlJia) is well known. The cells of the epidermis are 
Mostly quadrilateral, with very sinuous outlines, especially on the 
andor surface. The stomata are oval or nearly round, large, and 
numerous. (Plate II, Fig. 18.) 



Description op Plate I. 

1. Camellia Thea. Tea. 

2. MaraUia EUgans. 

3. Epilobium AngusUfolium. French Willow or Willow Herb. 

4. Salix Alba. Willow. 

5. Ilex Paraguay ensis. Paraguay Tea or Brazilian Holly. 

6. Populus Nigra. Poplar. 

7. Sambucus Nigra. Elder. 

8. Ulmus Campestris. Elm. 

9. Betula Alba. Birch. 

xo. Prunus Spinosa. Sloe or Blackthorn. 

IX. Prunus Cerasus. Cherry. 

12. Rubusidoeus. Raspbcny. 

13. Camellia Sasan^. 
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PLATE ir, 



*i*UO rOCRAPIIS OF Lkaves. 



Description of Plate H. 

14. Camellia Thea. Tea. 

15. Ribes Grossularia. Gooseberry. 

16. Rosa Canina. Dog Rose. 

17. Coffea Arabica. Coffee. 

18. Cratagus Oxyacantha. Hawthorn. 

19. Fragaria Vesca, Strawberry. 

20. Pyrus Malus. Apple. 

21. Quercus Robur. Oak. 

22. Ribes Nigrum. Black Currant 

23. Fraxinus Excelsior. Ash. 

24. Fagus Sylvatica. Beech. 

25. RiAus Fructicosus. Blackberry. 
a6. Frunus Communis. Plum. 
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The leaves of the beech {Fagus syhalica) are ovate, obscurely dentate, 
with parallel venations running right to the edge. (Plate II, Fig. 24.) 

The leaves of Chloranthus incmspicuus are long, oval, serrated, 
wrinkled, with venations running nearly to the edge, and there by 
their intersection forming little knots which give the margin of the leaf 
a very rough feeling. The cells of the epidermis are very large, and 
the stomata oval and rather numerous. 

The leaves of Camellia sasanqica arc oval, only obscurely serrate if at 
all, and of a tough leathery texture. The lateral veins are inconspic- 
uous. Both the upper and lower epidermis show a peculiar dotted or 
reticulated structure, and the lower is studded with numerous small 
oblong stomata. (Plate I, Fig. 13.) 

The leaves of Lithospermum officinale (the common gromwell) have 
been extensively used in Bohemia for adulterating tea. They are 
lanceolate, with a hairy under-surface, are destitute of alkaloid and 
essential oil, contain about 9% of fat and 8 of tannin, and leave about 
20% of ash on ignition (/. Chem.Soc.y 1881, 40, 13 1). 

The general appearance and venation of tea, and leaves which have 
been, or may possibly be, employed for its adulteration, arc shown in 
the figures. The illustrations are life-sized reproductions, of photo- 
graphs of leaves, taken by J. T. Stevenson in Allen’s laboratory. 

A. Wynter Blyth has pointed out the characteristic appearance of 
the ‘‘skeleton-ash” left on igniting leaves from different sources. The 
leaf to be examined is placed between two circles of microscopic cover- 
glass, the upper one weighted with a silver coin, and the whole ignited 
cautiously in a flat platinum dish, or on platinum foil. Before the 
carbon is completely consumed the heat is discontinued, and the 
skeleton-ash examined under the microscope. 

Caper Tea. — Caper is a name applied to tea which has been made 
up into small glossy granular masses by the aid of gum or starch. 
Some years ago the caper tea from the Canton district was invariably 
adulterated with sandy and magnetic matter, and often with catechu 
or other extraneous astringents, together with foreign leaves. 

Allen was of opinion that caper tea was never genuine and it has 
been suggested by J. White {Analyst, 1899, 24, 117) that the rounded 
masses are probably made deliberately so that they may be loaded with 
mineral adulterants which will remain unobserved by the consumer. 
This appears to be justified to a certain extent by the fact that the 
granular masses have sometimes been found to contain a piece of 
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quartz embedded in the centre; but as caper tea is much in demand 
among certain classes because of its rough flavour, it must be recog- 
nised as a commercial article. The ash of caper tea varies considerably 
and WTiite found from 6.2 to 7.9%, with not more than 2% insoluble 
in hydrochloric acid. Some caper teas, which according to White 
must be considered adulterated, yielded ashes varying from 8.8 to 
13.5% and showed from 3.1 to 6.3% insoluble in acid. 

Lie tea is the name given to a fraudulent mixture consisting of 
sweepings and dust of tea and other leaves, mixed with clay, sand, 
iron ore, etc., and made into irregular masses by means of gum or 
starch. When put into hot water, lie tea disintegrates and falls to 
powder. The iodine test for starch may be applied after acidifying 
the cold liquid with sulphuric acid, and decolourising with perman- 
ganate. The ash of lie tea is something as high as 30 to 40%. 

The insoluble matter and extract of lie and caper tea are very vari- 
able; but the former, exclusive of mineral matter, is usually consider- 
ably below the proportion yielded by genuine tea. The gum in caper 
tea often amounts of 15 or 20%, while the soluble ash is often less 
than 2%. 

The following figures show the results to be expected from the analy- 
sis of factitious tea: 



A. 

R. 1 

c. 


T Bril 

' T. M. Kdcr ■ 

Black tea 1 

A. B. Hill. 

Description 

Mahloo mixture". . . 

Green tea. 


19-77 

(Catechu de- 
lected.) 
12.10 

1 6.00 

Total ash 

MaRnetic and sandy matter. . , 
Soluble ash 

9.97 

4 - 

I . «i4 

(Catechu detected) i 
3-07 1 

1 ^ 

1.29 
i 0-13 






The following analy.scs of samples of spurious tea, received from 
the U. S. Consuls at Canton and Nagasaki, are by J. P. Battershall 
(Food Adulteration y page 28). No. i consisted of partially exhausted 
and refired leaves known as “r//mg sucy'' (clear water), a name 
apparently referring to the character of the infusion. No. 2 was a 
sample of “lie-tea’’ made from wampan leaves. No. 3 was a mixture 
of 10% of green tea with 90% of lie-tea, sometimes sold as “Imperial” 
or “Gunpowder” tea. No. 4 was a sample of “scented caper,” con- 
sisting of tea-dust made up into little shot-like pellets by means of 
“Congou paste” (boiled rice): 
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No. I. 

No. 2, 

No. 3, 

No. 4, 


Vo 

*:o 


Vo 

Insoluble loaf 

70.60 

70.5 s 

67 . 00 

\ . 
j 00. 10 

Extract (complete) 

7.73 

14.00 

la . 76 

33.10 

Gum 

10.67 

7.30 

1 1 .00 

11.40 

Tannin 

3 13 

8.01 

14.50 

15.64 

Caffeine 

o.sS 

None 

0. 16 

0. 13 

Ash; — Total 

8.63 

8 . 90 

7. 95 

13.58 

Soluble in water 

0.64 

1 . 86 

3 ■ 00 

.3.84 

Insoluble in acid 

1 3-92 

3.18 

1.88 

6 . 60 


Certain, tea substitutes have been used from time to time mainly on 
the Continent, but they are all distinguished from genuine tea in 
being free from caffeine, and are best detected microscopically. 

Although the leaves of tea, coffee, and Brazilian holly are almost 
the only ones known to contain caffeine, a beverage is prepared from 
the leaves of many other plants in various parts of the world. Thus, 
Catha edulis, a shrub related to the spindle tree, is extensively cultivated 
in the interior of Arabia, and the leaves, known as Khat, Cafta or 
Arabian tea, are used both as a beverage and for chewing. Fahum, 
or orchid tea, is made from the leaves of Angracum fragrans, growing 
in the Mauritius, and some years since was introduced into Paris as a 
regular article of commerce. Trillich found 0.2% of coumarin in 
Fahum tea. Th^ Arabe, a substitute for tea which has been sold in 
Paris, consists of the small leaves of Paronychia argenteay a plant 
growing on the slopes of the Atlas Mountains. Batoum or Trebi- 
zond tea is made from the leaves of Vaccinium arctoslaphyloSy a plant 
closely allied to the cranberry. 

Dried leaves which have not been identified have been used in the 
so-called Hyson and Imperial tea in China. They are destitute of 
caffeine. A process for the preparation of caffeine-free tea has been 
patented in Germany. 

Commercial tea according to the German standard should fall 
within the following limits: 

Moisture 8 to 12%. 

The ash should not exceed 8% of which at least one'-half should be 
soluble in water; the sand (insoluble in hydrochloric acid) should not 
exceed 1%. 

The aqueous extract for green tea must amount to at least 29% and 
24% for black tea, both calculated on the dry substance. 

Caffeine must not be lower than 1%. 
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Tannin in green tea, not less than io% and in black tea not less 
than 7.5%. 

Foreign leaves must be absent. 

These limits for caffeine, tannin and aqueous extract are too low, 
and the upper limit for moisture too high to be considered satisfactory 
for the tea usually obtained in the British Isles and in America. 

Mat^) Paraguay Tea. 

Mat^ or Yerba consists of the prepared leaves and twigs of Ilex 
Paraguayensis, or Brazilian holly. Various allied species are recog- 
nised, but Ilex Paraguayensis appears to be the only one cultivated. 
It has been grown in Spain, Portugal, and Cape Colony, in addition 
to its native habitat. 

The aroma and quality vary with the time of year when gathered, 
the leaves possessing most aroma when the fruit is nearly ripe. The 
twigs are cut from the trees and, after a preliminary drying, are sub- 
jected to the action of heat in a torrifier. The leaves are then beaten 
from the twigs with wooden blades, powdered and packed in cases. 
A superior product is obtained by drying in large iron pans in the same 
manner as Chinese tea. 

Three different kinds are sold in South America under the following 
names. 

Cad-cuy, the new leaves of the fresh shoots. 

Cad-mirim, the leaves freed from the midrib and with twigs and 
stalks separated. 

Cad-guacu or Yerva de Palos, the large old leaves with twigs and 
fragments of wood. 

Konig gives the following as the mean of 15 analyses of mat^: 


Water, 

6-92% 

Ash, 

5 -S 8 % 

Nitrogenous substances. 

ii.ao% 

Caffeine, 

0.89% 

Fat (ether soluble). 

4 - 19% 

Tannin, 

6.89% 

Nitrogen-free extractive matter and cellulose. 

64.33% 

Water extract. 

33.90% 

Alcohol extract, 

33.51% 

VoL. VI.--41 
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The caffeine in the foregoing ranged from 0.30 to 1.85%. 

Byasson found in cad.-guacu, the commonest kind of mat^, Caffeine, 
1-85%; a substance resembling birdlime, fatty and colouring matters, 
3.87; complex glucoside, 2.38; resin, 0.63; mineral matter, 3.92; and 
an undetermined proportion of malic acid. 

Some fresh leaves of Ilex Paraguayensis, grown in Cambridge 
Botanical Gardens, were found in Allen’s laboratory to contain 69.1% 
of water. An analysis of the same leaves after drying at 100° showed: 
Insoluble matter, 57.94 (=hot-water extract, 42.06); tannin by PbAj, 
15.62; tannin by CuA,, 15.66; caffeine, 1.13; total ash, 6.14; soluble 
ash, 3.56; alkalinity of soluble ash (as KjO), 0.12%. 

A. W. Hofmann found in mat6 0.3% of caffeine and a variety of 
tannin identical in every respect with that present in tea. P. N. Arata 
found the taimin of mat^ to be analogous to but not identical with that 
of coffee. On dry distillation he found it to yield resorcinol as well as 
catechol. Soubeiran and Delondre state that mat^ contains the same 
essential constituents as the coffee leaf, and in greater proportion than 
the coffee seeds. This conclusion is confirmed by Theodore Peckolt 
in a valuable resum6 of the subject {Pharm. J, 1883 [m], 14, 121), 
including some elaborate proximate analyses of mat^. 

The aromatic principle of matd has not been isolated, but by dry 
distillation a volatile oil of phenolic character is obtained. 

The ash of mat6 resembles that of tea in containing a notable pro- 
portion of manganese. 

The leaves of the Yopon {Ilex cassine), a shrub or small tree growing 
on the coast of Virginia and Carolina, have been used as a beverage. 
F. P. Venable {Chem. News, 1885, 52, 172) found in an air-dried 
sample: Moisture, 13.19; water extract, 26.55; tannin, 7.39; caffeine, 

0. 27; and ash, 5.75%. The ash contained manganese. 

COFFEE. 

Commercial coffee consists of the seeds of Coffea Arabica and allied 
species belonging to the order Cinchonacece. 

Three species of Coffea, distinct from each other, are now grown: 

1. The Arabian or Mocha coffee-plant has short upright branches, 
with a brittle leaf and seeds usually single in the berries. 2. The 
Jamaica coffee-plant bears longer and more pliable branches than the 
Arabian, has a tougher leaf, and the seeds are almost always double in 
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the berries. 3. The East Indian or Bengal plant has smaller leaves 
than the Jamaica coffee, and very small berries. The Liberian coffee- 
plant {Cqffea Liberiea) appears to be a distinct species, which is little 
subject to disease, and has been successfully introduced into the East 
Indies. 

The coffee fruit usually, but not always (see above), contains two 
twin seeds, which touch each other on the flattened surface. These 
are contained in a pulp which is removed by water and a process of 
fermentation; and the membranous pericarp (technically termed 
“parchment”) which incloses each seed is removed by rollers and 
winnowing. According to Gorter (Annalen, 1910, 372, 237) lactic 
acid is a product of this fermentation, causing the slimy layer to swell 
and so to be easily removed. 

The parchment from coffee-berries is imported to England in con- 
siderable quantities, and, when roasted, is said to form an ingredient 
of the beverage sold in cheap coffee-shops. 

An analysis of unroasted “parchment,” made by C. M. Caines, 
showed it to contain: Water, 9.43; essential oil, 0.068; caffeine, 0.27; 
hot-water extract, 1.61; total ash, 10.41; and soluble ash, 0.19%. A 
somewhat coffee-like aroma was developed by roasting. The flowers 
from 20 year-old trees were examined by Graf and found to contain 
0.9% caffeine, a reducing sugar, caffetannic acid and phytosterol. 

It is stated that the Arabs in the neighbourhood of Jedda discard 
the kernel of the coffee-berries and make an infusion of the husks 
(Pharm. 7 ., 1886 [in], 17, 656). 

The coffee-tree is a shrub-like plant cultivated in various tropical 
countries. The best coffee that reaches England comes form India, 
Java, and Ceylon. A little “Mocha” coffee comes from Arabia, but 
the greater part from India. Brazil at the present time furnishes 
more than one-half of the world’s supply of coffee. 

The composition of coffee has been given by different observers and 
a few of the results are shown in the following table: 

There has been some diversity of opinion as regards the sugar of 
coffee. Bell believed the sugar to consist of a peculiar species allied 
to melezitose, but G. L. Spencer definitely proved the presence of 
sucrose in coffee. Graf showed that the coffee berries contain no 
dextrose or reducing sugars in the free state; but a methyl-alcoholic 
extract yielded a large amount of sucrose. 

Ewell made an exhaustive study of the sugar in coffee {Amer, Chem, 
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Bell also gives an alcoholic extract of 6.9 and 4.3 for the raw and 14. i and 12.7 for the roasted coffee. 

LSted coffees by various analysts. 

nd.. 1910. 29, 138. All figures calculated on the dry coffee. Tannin was found in raw' Costa to the extent of 
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1892, 14, 473); he found 6% of sucrose in the fat-free coffee 
extractable by 70% alcohol; the insoluble matter after acid hydrolysis 
gave galactose. Distillation with hydrochloric acid yielded furfural 
equivalent to 9% of pentose. Ewell also obtained a gummy substance 
which on hydrolysis gave rise to a reducing sugar, furfural, and 
mucic acid resulted on oxidation. From this Ewell concluded that 
the gummy substance was a compound of pentose and galactose. 

Schultze and Maxwell state that raw coffee contains galactan, 
mannan and pentosans, the latter present to the extent of 5% in raw 
and 3% in roasted coffee. Hehner and Skertchley {Analyst^ 1899, 
23, 178) have utilised the production of furfural on distillation with 
hydrochloric acid to estimate the pentosans in coffee. 

Baker {Analyst^ 1902, 26, 116) found that manno-arabmose or 
manno-xylose formed one of the important constituents of coffee berry 
substance and yielded mannose on hydrolysis. He pointed out that 
the latter substance could readily be detected by the formation of the 
hydrazone (Baker and Pope, Trans,, 1900, 77, 704). 

Caffetannic acid, called by Paycn chlorogenic acid, exists in coffee- 
berries in the proportion of 3 to 5%, as a double caffetannate of potas- 
sium and caffeine (Payen) . It is prepared by diluting an alcoholic infu- 
sion of coffee with water, filtering from precipitated fatty matter, and 
precipitating the boiling filtrate with lead acetate. On decomposing the 
washed precipitate with hydrogen sulphide free caffetannic acid is 
obtained. It forms a yellowish-white powder, or groups of colourless 
mammillatcd crystals. It is very soluble in water, less soluble in 
alcohol, and only very sparingly in ether. Caffetannic acid has an 
astringent taste, and the solution reddens litmus. It gives a dark 
green colouration with ferric chloride, and precipitates the sulphates 
of quinine and cinchonine. It reduces silver nitrate on heating, form- 
ing a metallic mirror. The salts turn green in the air. 

Tatlock and Thompson (/. Soc, Chem. Ind., 1910, 29, 138) are 
of opinion that roasted coffee contains no tannin, and that the lead 
precipitate contains colouring matter. They found 4.5% of tannin 
(precipitable by gelatin or alkaloids) in raw coffee. 

The tannic acid of coffee was formerly supposed to be a glucoside 
which on prolonged boiling with alkali hydroxides yielded a reducing 
sugar and caffeic acid. Graf (Zeitsch. angew. Chem., 1901, 14, 1077) 
failed to obtain an osazonc of this sugar after either acid or alkali 
hydrolysis, and showed that the reducing substance was precipitated 
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by lead acetate; from these facts Graf concluded that caffetannic 
acid was not a glucoside. 

The recent work of K. Gorter {Annaleny 1908, 358, 327; 359, 217; 

372| 237; 1911, 379, no) shows that cafifetannic acid is a mix- 
ture of chlorogenic acid with caffalic acid and other substances. 
Chlorogenic acidy CjjHjgOjg, can be purified through its calcium salt 
and then crystallises in needles m. p. 208°. It acts as a dibasic acid 
and on hydrolysis with alkali hydroxides yields caffeic (3-4 dehydroxy- 
cinnamic) and quinic acids. Chlorogenic acid gives a characteristic 
colour reaction and has by this means been detected in other seeds. 
Charaux (/. Pharm. Chim.y 1910, [vii], 2, 292) has determined the 
chlorogenic acid in coffee and various other plants by hydrolysis and 
separation of the caffeic acid obtained. Cojfalic acid, CS4H54O15 is 
obtained in the form of prisms m. p. 255°, having a sweet taste. It 
yields isovaleric acid on boiling with alkali hydroxides. 

The caffeine is stated to exist in Liberian coffee in combination with 
chlorogenic acid as potassium caffeine chlorogenate, CjjHjgOigK,- 
(C8 Hio 03N4)2,2H20, which Gorter isolated in colourless prisms. 
The compound is soluble in water but the caffeine cannot be extracted 
from the dry crystals with anhydrous solvents whereas when moist the 
whole of the caffeine can be completely removed. Gorter states that 
the fact that caffeine cannot be completely removed from coffee with 
anhydrous organic solvents is due to this combination of the caffeine 
with chlorogenic acid. Lendrich and Nottbohm {Zeit. Nahr. Genusm., 
1909, 17, 241) on the other hand, maintain that the retention of 
caffeine is due to adsorption by the tissue of the coffee bean. 

On dissolving caffetannic acid in alkali hydroxide or ammonia, and 
exposing the solution to the air, the liquid acquires a bluish-green 
colour owing to the formation of the oxidation-product, viridic acidy 
or viridinic acidy which is an amorphous brown substance, very soluble 
in water to form a solution which is turned green by alkalies. It gives 
a bluish-green precipitate with barium hydroxide sulution and a blue 
with lead acetate. Viridic acid dissolves in concentrated sulphuric 
acid to form a crimson solution, which on dilution with water gives a 
flocculent blue precipitate. 

A. Nestler (Zeit. Nahr. Genussm.y 1903, 6, 1032) has made use 
of the production of the green colour by alkalies to decide whether 
coffee is present in mixtures or in extracts. 

The principal alkaloid of coffee is caffeine which occurs to the 
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extent of i.o to 1.3% and is frequently nearer the latter value. It has 
been shown by Gorter to exist in coffee as potassium caffeine chloro- 
genate. Paladino {Gazzetta, 1895 [i], 25 , 104) isolated another base 
from coffee extract, by boiling with milk of lime, and after-treatment 
with lead acetate extracting the caffeine by chloroform. The aqueous 
solution was acidified with sulphuric acid, concentrated, and treated 
with a solution of potassium-bismuth-iodide, when crystals of the 
base ^Uoffearine** were obtained as a double salt of bismuth and 
coffearine iodide. Coffearine, Ci4Hie04N3, occurs in colourless 
deliquescent needles melting at 140® and giving a faint alkaline reaction; 
it forms a hydrochloride, Ci4Hia04N3HCl,H20, melting at i8o^ 
Some doubt was thrown on the occurrence of this alkaloid and it was 
attributed in part to the action of the lime on the caffeine. Graf 
repeated Paladino 's experiment and obtained the alkaloid even when 
lime was not used. Coffearine is present in very small amount and is 
not extracted from the aqueous decoction by chloroform. Forster 
and Riechclmann also observed a second alkaloid in coffee, m their 
process of determining caffeine {Zeitsch. offent. Chetn., 1897, 3 , 129 
and Chem. Centr., 1897, i, 1259). 

The fat of coffee has been studied by Rochleder, who stated that it 
contains glycerides of palmitic acid and of an acid, C13H24O3. Tret- 
zel found glycerides of palmitic, stearic and oleic acids, and free oleic 
acid. The fat of roasted coffee contains some dihydroxystearic acid. 
The following values for the fat of coffee are due to Hilger and Juck- 
enack. {Forschungsber. Lebens, 1895, 2 , 223.) 
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Tatlock and Thomson give the following values: 
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Meyer and Eckert (Monatsh.y 1910, 31, 1227) have separated a fatty 
oil and a wax from raw coffee. The oil has the saponification value 
160 to 182 and iodine value 90.1 to 91.2. The fatty acids are mainly 
linoleic, palmitic and carnaubic with small quantities of oleic, daturic 
and caproic acids. The wax contains carnaubic acid combined with 
a resin alcohol. 

The unsaponifiable matter of coffee fat includes Phytostcrol. Accord- 
ing to De Negri and Fabris the sp. gr. of the fat at 15° varies from 
0.9510 to 0.9525, and the saponification value from 165.1 to 173.4. 
The R. M. value is given by Spaeth as 1.65 to 1.7. 

The nitrogenous constituents of coffee other than caffeine have 
not been studied to any great extent, but the proteins have been stated 
to consist of legumin or vegetable casein. 

Polstorff {loc. cit.) obtained about 0.25% of trigonelline. Gorter 
confirms the presence of this substance and is of opinion that Paladino’s 
coffeurine is really trigonelline. 

Roasting of Coffee. — The roasting of coffee is best carried out at 
a temperature of from 200 to 250°, and during the proce.ss consider- 
able changes occur. Jaeckle (Zeitsch, Nahr. Genussm., 1898, i, 457) 
has shown that caffeine is volatilised to a slight extent and certain 
other products are produced, such as acetone, furfural, ammonia, 
trimethylamine, formic and acetic acids. Moriari and Scoccianti 
{Gazzetta, 1895 [i], 25, 115) had, however, stated that when heated 
to 260*^ no trimethylamine was formed, but pyridine and its homo- 
logues occurred in appreciable quantities. The fat is decomposed 
to some extent and the free fatty acid is thereby increased. The 
sugar becomes carameli.scd and the caffetannic acids lose about half 
their weight. Hilger and Juckenack state that the losses on roasting 
are much higher when the coffee is glazed with sugar {Forschungber. 
Lebens, 1897, 4, 119) on account of the higher temperature required. 
According to these observers the losses for ordinary coffee are 19.3% 
total, 9.7% of the original fat and 21.1% of the original caffeine; for 

sugar glazed” coffee the total loss is 15.3%, 18.3% of the original 
fat and 44.3% of the original caffeine. 

Herfeldt and Stutzer (Zeit. angew. Chem., 1895, 8, 469) have pub- 
lished figures showing a large increase in the fat of Santos coffee on 
roasting; it is probable that the fat of the original raw coffee was 
incompletely extracted. 

During the process of roasting, the aroma of coffee is developed and 
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the toughness of the beans destroyed, so that subsequent grinding 
is facilitated. If the roasting be insufficient, the rawness is not destroyed 
and the flavour not fully developed; while if over-roasted, the product 
has a nauseous empyreumatic flavour. 

When roasted to a yellowish-brown, coffee loses, according to Cadet, 
about 12.5% of its weight, and in this state is difficult to grind. 
When roasted to a chestnut-brown is loses 18%, and when is becomes 
entirely black, though not all carbonised, it has lost 21%. In practice, 
the loss of weight in roasting coffee is between 12 and 20% (of which 
about 8% represents water removable at 100°), and if the latter figure 
is reached, the product is injured. According to Watson Will, the 
usual yield of roasted coffee is about 98 lb. from i cwt. of raw berries. 
This corresponds to a loss of 12.5%. 

Konig found that on roasting coffee-berries to a light brown the 
total loss of weight was 17.77%, which 8.66 was water and 9.11% 
organic matter. The original coffee contained 11.19% moisture, 
and after roasting, still retained 

According to Paul and Cownley (Pharm. /., 1886 [f/f], 17, 655, 
821) there is no appreciable loss of caffeine by volatilisation during 
the roasting of coffee, unless the process is carried to excess. But 
Paul admits that the water condensed in the place leading from the 
roasting often contains some caffeine, which he considers has been 
carried over mechanically. Watson Will (ibid., page 684) states that 
he has never failed to find caffeine in the sublimate obtained in coffee- 
roasting. 

The chemistry of the roasting of coffee has also been studied by 
0 . Bcrnheimer (Monaish., 1880, i, 456), who roasted coffee till it 
had lost about 25% of its weight. 50 kilogrm. of coffee yielded 5 
litres of aqueous distillate and 680 grm. of solid matter floating thereon. 
On agitating this with ether, fatty acids, quinol and caffeol were 
extracted, while caffeine, acetic acid, methylamine and trimethylamine 
remained in the aqueous liquid. On evaporating the ethereal solution, 
and fractionally distilling the residual dark, coffee-smelling oil, a few 
drops of an acetone-likc liquid passed over, followed by a little acetic 
acid and water. Between 200° and 300® cafjeol distilled, and above 
that temperature palmitic and other solid fatty acids. On neutralising 
these and tlie 200-300° fraction with sodium carbonate, a viscid dark 
oil was thrown down The uncondensable vapours consisted chiefly 
of carbon dioxide, and by passing them through dilute hydrochloric 
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acid a resinous substance having the appearance of pyrrol-red was 
deposited. 

It should be pointed out, however, that Jaeckle was unable to detect 
Bemheimer’s caffeol. 

Cqffeolf CgHioOj, according to Bemheimer, is an oily liquid smelling 
very strongly of coffee. It boils at 196®, and is not solidified by a freez- 
ing mixture. It is not sensibly soluble in cold water, to which, however, 
it imparts its characteristic odour. It is slightly soluble in hot water, 
very slightly in aqueous potassium hydroxide, and with great facility in 
alcohol and ether. The alcoholic solution gives with ferric chloride a 
red colouration, said not to be destroyed on adding sodium carbonate. 
By fusion with potassium hydroxide, caffeol yields salicylic acid, and, 
according to Botsch {Monatsh.y 1880, i, 621) is isomeric with methyl- 
salicyl alcohol, the two compounds having the following constitution : 

C,}i,{O.CK,).CHjOH CeH,( 0 H).CH 2 . 0 CH 

Methyl'Salicyl alcohol. Caffeol. 

A valuable contribution to the knowledge of the volatile oil of 
coffee was made by Erdmann {Ber., 1902, 35. 1846). Roasted 
coffee was heated with superheated steam, whereby Erdmann obtained 
0.06% of a yellowish-brown oil having a powerful odour of roasted 
coffee. The oil possessed the sp. gr. 1.0844 16° and contained 

nitrogen. By treatment with sodium hydroxide solution it was 
separated into 42% of acid substances and 58% of non-acid material. 
The acid portion contained acids of the nature of methyl butyric acid 
and phenolic compounds were also found; furfuryl alcohol occurred 
to a large extent in the non-acid portion. The characteristic odour- 
iferous substance of the oil boiled at 93® At 13 mm. and contained 
9.7% of nitrogen. The yield of this last was only 0.89 grm. from 
65 kilos of coffee and it possessed the odour of roasted coffee to a 
marked degree. Erdmann further found that the aroma of coffee 
was produced when caffeine, sucrose, and caffetannic acids are heated 
together and not if any of the three are absent. 

The dietetic value of coffee is possibly dependent as much upon 
the presence of caffeol as on that of caffeine. According to M. Fargas 
the effect of caffeol on the heart’s action is the opposite to that of 
caffeine, and increases the strength and rapidity of the pulsations. 

Katz states that 85-95% of the caffeine is extracted by boiling 
water and a cup holding 150 c.c. contains about 1.5 grains of caffeine. 
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According to Couty, Guimaraes, and Niobey {Compt. Rend.j 1884, 
99, 85) coffee diminishes the activity of the simple combustions which 
produce carbon dioxide, but increases the formation and excretion of 
urea, and the assimilation of meat and other nitrogenous foods. It is 
a complex aliment which renders the organism capable of consuming 
and destroying larger quantities of nitrogenous substances, and hence 
may be regarded as an indirect source of available energy. 

Coffee-berries vary considerably in size and character according 
to their origin. West Indian coffee-berries are regular in size, pale 
yellowish, firm and heavy, with a fine aroma, and they lose compara- 
tively little on roasting. Brazilian coffee is larger, less solid, greenish 
or white, and usually classed as “low” or “low middling.” Javanese 
coffee-berries are smaller, slightly elongated, light, and deficient in 
aroma and essential oil. When new, Java coffee is pale yellow, and 
of less value than when old and brown. The deeper colour is due to 
curing as well as age. It has been artificially coloured. Ceylon 
produces all descriptions of coffee, but the ordinary plantation coffees 
arc even-coloured, slightly caiioe-shaped, strong in aroma and flavour, 
heavy, and more susceptible of adulteration than the other kinds. 
Genuine Mocha coffee is small and dark yellow in colour, and con- 
sidered of the highest quality. The following table shows the number 
of seeds required to fill a 50 c.c. measure (Thorpe’s Did. Applied Chem., 

I. 578): 


Fine brown Java 1S7 

Fine Mysore i9''^ 

Fine NcilKherry 20.? 

Costa Rica 20.1 

(rood ordinary Guatemala 207 

Good La Guayro 210 

Good average Santos 2*? 

Fine long-berry Mocha 217 


Good ordinary Java 223 

Fine Ceylon plantation 225 

Good average Rio 236 

Medium Ceylon plantation 238 

Manilla 248 

Ordinary Mocha 270 

West African 313 


Analysis of Coffee and Coffee Mixtures. 


The analysis of raw coffee beans is not usually required, as any 
factitious beans would be detected readily and it is doubtful whether 
such coffee is on the market. The following details for the analysis 
therefore apply to roasted coffee only. 

Whole Beans. — Examine megascopically in order to detect foreign 
substances. Artificial coffee beans are apparent from their exact 
regularity of form. Coffee pellets made from roasted wheat mash are 
of brown colour, possessing a very characteristic ellipsoidal form 
(A. 0 . A. C.). 
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Detection of Sugar Glazing. — None of the proposed methods 
gives sugar alone; but two of them arc fairly satisfactory. Stutzer 
recommends shaking 10 grm. of coffee with 250 c.c. of cold water for 
5 minutes, diluting to 500 c.c. and decanting at once. The aqueous 
extract is filtered and the solids determined by evaporation of an 
aliquot portion and drying at 100®. (A.O.A.C.) 

Hilger’s process {Zeitsch. anal. Chem., 1897, 36 , 226) is more satis- 
factory, according to Fresenius and Griinhut, and is, shortly, as 
follows: 10 grm. of coffee beans are digested 3 times for half an hour 
with quantities of 100 c.c. of cold alcohol (i volume 90% alcohol to 1 
water). The alcohol is decanted each time, made up to 500 c.c. and 
filtered. An aliquot portion is evaporated to dryness, weighed and 
the ash deducted. To allow for the action of the solvent on the beans, 
deduct 0.83 for each 100 parts of dry coffee. The difference may be 
taken as due to caramel. 

The detection of glycerol in coffee berries is not altogether satis- 
factory; but may be found in the solutions obtained in the test for 
caramel. A portion of the solution is evaporated to about 10 c.c., 
treated with 5 grm. of sand and 3 c.c. of milk of lime (15% CaO) and 
evaporated almost to dryness. The moist residue is then treated with 
50 c.c. of 90% alcohol (by volume) worked into a smooth paste, heated 
on the water-bath to incipient boiling, decanted through a filter and 
repeatedly washed by decantation with small quantities of hot 90^, p 
alcohol until the filtrate amounts to 150 c.c. The filtrate is evaporated 
to a syrup at a temperature below 90®, washed into a stoppered cylinder 
with 20 c.c. absolute alcohol and 3 successive quantities of 10 c.c. of 
ether added, shaking after each addition. When clear the alcohol- 
ether solution is filtered off, the cylinder and filter washed with a mix- 
ture of absolute alcohol and ether (2 to 3), the filtrate evaporated, and 
dried for i hour at 100°. The weight, after deducting the ash, is 
taken as glycerol. This process will include any other organic matter 
which is soluble in the solvents. . Griinhut {Zeit. anal. Chem., 1899, 
38 , 37) has pointed out that although the alcohol-ether residue may 
yield oxalic acid on oxidation, yet on distillation with potassium hydro- 
gen sulphate no acrylic aldehyde resulted, indicating that some sub- 
stance other than glycerol was present. 

Facing materials such as /a/, paraffin^ vaseline and waxes may be 
detected by the method of Spiith {Forschungsber. Lebens, 1895, 2, 223). 
Extract 100 to 200 grm. of the beans with light petroleum for 10 min- 
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utes. Decant the petroleum spirit and repeat the process a few times. 
Evaporate the petroleum extract to dryness; digest with warm water; 
extract the fatty matter with light petroleum, filter and evaporate to 
dryness. Examine tlie residual fatty matter by the usual methods 
for fats and waxes. For shellac and mm, shake the beans with abso- 
lute alcohol for about 10 minutes; evaporate to dryness in a dish and 
ignite the residue; the characteristic resinous odour on burning indi- 
cates the adulterant. It should be noticed that tlie Liebermann- 
Storch reaction for resin cannot be applied directly as coffee-berry oil 
itself answers to the reaction. The resin should be separated from the 
ethereal solution of tlie oil by means of sodium hydroxide solution. 
Dextrin is obtained after applying the test for resin by testing the beans 
with hot water. The aqueous extract yields tests for sugar after 
hydrolysis with mineral acid if dextrin is present. Artjiicial colouring 
matters can be detected by shaking the beans in a tliick stoppered 
bottle and examining the powder obtained. Graphite, however, 
adheres to the beans closely and is not removed by shaking, but is 
readily detached by warming with alcohol containing a little potassium 
hydroxide. 

Ground Coffee.— For analysis tlie sample sliould be powdered so 
as to pass through a sieve with 0.5 mm. mesh. The moisture and ash 
of coffee are estimated as for tea, and valuable information is some- 
times obtained from the estimation of the soluble ash, chlorine and 
phosphoric anhydride. In the experience of the writers, the moisture 
rarely exceeds 3% although much higher proportions are occasionally 
found depending upon the degree of roasting. 

The ash of pure coffee is generally between 3.5 and 4-5%, rarely, 
if ever, exceeding 5%, and even when a considerable proportion 
of chicory is present it seldom rises beyond 6%. Any notably higher 
proportion will indicate the presence of a mineral adulterant. The 
ash should be white, or nearly so, a marked red tint indicating an 
added compound of iron. 

The composition of the ash of coffee presents considerable differ- 
ences from that of chicory, as is apparent from the following results or 
analyses by H. Ludwig {Arch. Pharm., 1872 [m], i, 482) and James 
Bell {Foods, 2, 46, 57). 
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Coffe 
H. L 

B- beans 
udwig 

Limestone 

soil 

Coffee-beans, 

eight 

samples 

J. Dell 

Chicory root. 

Eight samples. J. Bell 

Gneiss 

soil 

Deducting 

SiO-i and sand 

Including 

SiO: and sand 

KjO. . . 

14.13 

44-03 

5 t . 30 to sS . 8 o 

37.85 to 46.37 

34.88 to 33.88 

NaiO. . 

5.84 

5 . 8s 

Not detected. 

3 . 17 to 16.90 

3 .04 to I , 10 

CaO... 

8.64 

4 . 8 <i 

4. 10 to 6.i6 

7.65 to 10. 8i 

S . 00 to 9 . 60 

MgO .. 

8.14 

[ 8.01 

8.30 to 8.87 

5. 33 to 8.08 

3.4ato 7.23 

FcOi . 

16.54 

1.96 

0.44 to 0.98 

3 . 50 to 8.29 

3.13 to 5.32 

PiO»... 

18. 6s 

10.54 

10. IS to 11.60 

9. 59 to 13.61 

6 .65 to 11.27 

SOj.... 

15.28 

1 .64 

3.09 to 5.26 

8.38 to 11.78 

S .38 to 10.53 

Cl 

Trace 

0.98 

0. 26 to I . 1 I 

S . 03 to 6.08 

3 . 23 to 4.93 

COj . . . 

8.34 

31.24 

14 . 93 to 18 . 13 

3 . 04 to 4.60 

1.78 to 3.19 

SiO,.. . 

1.6s 

0.37 

0.00 to 0-45 


3.61 to 12.75 

Sand . . 

None 

None 

None 


8 . 08 to 23.10 


Ludwig found in each case a notable amount of soda, a result which 
disagrees with Bell’s statement that this base is absent from coffee 
ash. Ludwig’s figures also show an enormous variation in tlie pro- 
portions of KjO, FejOj, SO3, and CO^, according to the nature of the 
soil on which the coffee-plant is grown. The sample of coffee from 
a gneiss soil must be regarded as highly abnormal. In Allen’s experience 
the ash from genuine coffee was never observed to have a red colour, 
as would be the case with the ash of a specimen containing a consider- 
able proportion of iron. 

C. Komauth showed the ash to contain 54.43% KjO, 0.29% NajO, 
12.52% 4-11% SO3 and 0.45% Cl; he stated that the ash should 

be free from silica and that the sodium oxide should not exceed 0.5%. 
If the chlorine exceeds 0.6% the coffee has probably been adulterated 
or damaged by sea water. If the NajO in chicory-ash be calculated 
into its equivalent of KjO, and the figure thus found added to the 
actual KjO, the percentage is not greatly different from the proportion 
of potash found by Bell in coffee-ash. The proportion of ferric oxide 
is notably greater in chicory than in coffee. Hence chicory-ash always 
has a red tinge which is absent from the ash of genuine coffee. 
(C/. Petermann, page 653.) A notable difference is observable in the 
proportions of CO, and Cl, and a very wide distinction in the figures 
for sand and silica. In only one of the eight samples of coffee did the 
silica even approach 0.5%, and in another portion of the same coffee, 
which was properly screened before roasting, the silica of the ash fell 
to nil, 

Defert found that in coffee from Paula the percentage of K3O 
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increased in the plant with distance from the roots and was highest in 
the leaves, while CaO was liighest in the root and least in the leaves. 

In consequence of the large proportion of potassium carbonate in 
coffee-ash, the percentage of the total ash soluble in water is much 
greater than in the case of chicory-ash, and attempts have been made 
to utilise this fact for ascertaining the proportion of chicory present in 
mixtures of the two. Thus Allen found from 60 to 85% of the total 
ash of coffee to be soluble in water, whereas on an average only 34% 
of the total ash of chicory was soluble in water. But this proportion 
is gravely affected by the proportion of actual sand which may be 
present. This varies in commercial chicory from a trace up to 4.5%, 
which difference is quite sufficient to invalidate deductions based on 
the ratio of the total to the soluble ash. By comparing the soluble ash 
with the total ash minus sand and silica, somewhat more reliable results 
are obtained, but at best the method is only capable of affording a 
rough indication of the proportion of chicory present. It may, how- 
ever, serve to point to the presence of a foreign ingredient, which can 
then be identified and determined by other means. The following 
ash-analyses, by James Bell, arc interesting in this connection. 



; Lupins 

Acoms 

Maize 

Parsnips 

Dandelion root 

K20 

1 i 

' 3.1 • 54 1 

54 <13 

30.74 

^ 56.54 

17-95 

NajO 

i 17-75 i 

0.6,1 

Not found. 

Not found 

30.95 

CaO 

1 7.75 

6.01 

1 . 06 

6.8s 

11.43 

MkO 

1 6.18 1 

4-33 

14 .73 

6.49 

1-31 

FcvOj 

1 ! 

0.54 

0.84 

0-53 

1.27 

P:Oj 

3,5-53 ! 

M -IS 

44.50 

13.84 

ir.21 

SOa 

6.80 1 

4-79 

4-13 

4.07 

a. 37 

Cl 

1 2,11 1 

3.51 

0.50 

2 . 09 

3.84 

CO7 


11.69 


11.44 

6.3 1 

SiO,. etc 

1 0.87 

I .01 

1.78 

1 0.57 

11.36 


I 101.09 1 

99-58 j 

100.27 

I 102.43 

97.80 


The following centesimal figures by Way and Ogston refer to the 
ash of other roots: 



Turnip 

Beet 

j Carrot 

FejOi 

0. 14 to 0.66 

o.sa to 3.74 

0. 59 to 1 .66 

Cl 

3 to 5 

as to 30 

,1 to 4 . 6 

coi ■ ■ ■ 

9.5 to IS 

IS to 31 .6 

IS to 19 
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Estimation of Fat— Dry 2 grm. of coffee at 100^ and extract with 
light petroleum for 16 hours; evaporate the solvent, dry residue at 
100° and weigh (A. 0 . A. C.). The writers find that more complete 
extraction is obtained by macerating the coffee with a flat-topped glass 
rod in a deep flat platinum dish with light petroleum and allowing to 
settle for a few minutes; the petroleum is filtered into a tared flask and 
the operation is repeated about 16 times. Although this method is 
much more tedious than other extraction methods, higher results are 
generally obtained. 

The fat of coffee is tolerably constant in amount, and hence the 
proportion serves as a useful indication of the amount of certain 
admixtures. Thomas Macfarlane, stated that the petroleum-ether 
extract from previously dried coffee ranges from 10 to 12%. Only i 
sample out or nearly 50 examined showed less than 10, and no sample 
gave as much as 13%, although 12.59^ was reached in a few instances. 
By the maceration method described above the fat is usually near 13% 
calculated on the dry coffee and is frequently higher. Chicory yields 
about 1% when similarly treated, and 3 samples of roasted barley 
gave from 1.3 1 to 1.54%, but Tatlock and Thomson found 2.73% of 
fat in a sample of chicory, and tire writers have recently found 2.429c. 

Caffeine. — The various methods for estimating caffeine have 
been described under tea, and are suitable for coffee but larger 
quantities must be taken (from 6 to 12 grm.); extraction by means of 
chloroform, after moistening with ammonia, is especially suitable. The 
residue contains fat, however, and should be boiled with water, filtered 
through a cotton- wool plug, and evaporated to dryness or extracted 
with chloroform. If desirable the nitrogen may be determined. 
Gomberg’s periodide method has been recommended as convenient 
for use with the filtrate from the caffetannic acid determinations 
(U. S. Dept, of Agric.y 1909, B«//. 122, 78). 

The caffeine of coffee is remarkably constant and is generally from 
i.o to 1.3%, and, although much lower figures have been published, 
these results are probably due to defective methods. 

Paul and Cownley {Pharm. 1887 [m], 17, 565, 648, 821, 921) 
recommended the adoption of 1.30% of caffeine as a constant for all 
genuine coffee and used this figure to estimate the proportion of coffee 
in a mixture. Allen considered 1.20% a safer number to adopt. 
genuine coffees may contain appreciably less caffeine than 1.3%, Ihc 
deficiency in caffeine should be used in conjunction with other data, or 
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results wide of the truth may result. In any case it is necessary to 
ensure that the whole of the caffeine has been extracted by an examina- 
tion of the residues obtained in any particular process. 

These statements apply to ordinary coffee, but certain varieties of 
coffee have been described containing no caffeine but a bitter principle, 
cajamarme. Bertrand {Compt. Rend., 1901, 132, 162, and 1905, 141, 
209) describes 4 new species, C. IIumblotiana,C.GaUi€nii,C. Bonnieri, 
C. Mo^cnetiy grown in Madagascar and Cirand Comoro, i kilogrm. 
of coffee-berries from C. Jhmbloliana gave no caffeine and the plant 
was considered a distinct species by Bertrand and not merely C. 
Arabica growm on diiTerent soil, since the latter when grown on the 
same soil, under similar conditions, gave the normal proportion of 
caffeine. The following analyses of C. TTimblotiana and C. Arabica 
grown on the same soil arc published by Bertrand: 


Water 


Ethereal Alcoholic 
extract extract 


Reduc- Non-re- ! 

ducing ' 
sugar ' sugar ; 


Total j 

nitro- ! Ash ; Caffeine 
gen I ; 


C. Humblotiana. 11.6 10.7 ' 8-4 0.8 4.2 i-S 

C.Arabica 9.7 5-8 ; la.i 0.3 4-9 , 1-9 


Hanausck describes a wild coffee (probably C. bourhonica) free from 
caffeine. The beans are egg-shaped and more slender than those 
from C. Arabica. 


Besides the varieties of naturally occurring caffeine-free coffees, 
certain coffees have recently been placed on the market which purport 
to have been freed from the greater part of the caffeine and are sold 
as “caffeine freed.” These coffees are stated to be prepared by sub- 
mitting the coffee-berries to the action of superheated steam, then 
ammonia, sulphur dioxide or hydrogen chloride gas is introduced 
and the caffeine is extracted by a suitable solvent such as alcohol or 
benzene; after removal of the solvent the action of the steam is con- 
tinued. It is probable that the essential oil of coffee is returned after 
extraction of the caffeine. ^ 

Estimation of Caffetannic Acid.— Although the tannic acids of 
coffee have been shown to consist of a mixture of tannin (Tatlock and 
Thomson), coflfalic, chlorogcnic, and other acids (Gorter), nevertheless, 


' Lenrlrirh and Murdfcld (Zeit. Nahr. Genussm., 1908, 15, 70s) give o.a% caffeine as the 
mean of 14 caffeine-free coffees and the unusually high proportion of 1 7.1 0 of fat. 

VOL. VI.— 42 
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by working under definite conditions, more especially as regards the 
quantity of lead acetate, results of value may be obtained. Krug’s 
method as modified by Woodman and Taylor {U. S. Dept, of Agru., 
1909, Bull. 122, 83) gives concordant results. To 2 grm. of ground 
coffee add 10 c.c. of water and shake continuously, for at least i hour; 
add 25 c.c. of 90% alcohol and continue the shaking for half an hour; 
filter and wash with 90% alcohol, until filtrate is about 50 c.c. in 
volume. Heat the filtrate to boiling (in a vessel suitable for use in a 
centrifugal machine) and add drop by drop 6 c.c. of a saturated solu- 
tion of lead acetate. Separate the precipitated lead salt by means of 
a centrifugal machine and decant the supernatant liquid through a 
tared filter; repeat this twice with 90% alcohol. Transfer the precipa- 
tate to the filter, wash free from lead with alcohol and finally with ether ; 
dry at 100° and weigh. The weight of the precipitate multiplied by 
0.51597 gives the weight of caffetannic acid. The percentage of lead 
in the precipitate as obtained varies between 48.3 and 48.7%, the 
amount required by Pb3(Ci5Hi50g), is 49%- Trillich and Gbckel 
(Zeitsch. Nahr. Genussm.f 1898, i, loi) use 3 grm. of coffee and boil 
4 times for half an hour with water; and the whole is made up to 1,000 
c.c. To 400 c.c. of the clear filtered liquid i. c.c. of basic lead acetate 
solution is added and the precipitate is allowed to settle all night. The 
precipitate is filtered off, washed, removed from the paper, suspended 
in water and decomposed with sulphuretted hydrogen; after filtration 
from the lead sulphide, the liquid is evaporated to dryness and 
weighed. 

Trillich and Gdckel give the following values for raw New Granada 
coffee: Krug’s original method 11.3, Bell’s method 5.3, Trillich and 
Gockel’s method 11.37%. According to O. Woodruff the results by 
Trillich and Gockel’s method are generally higher than those obtained 
by Krug’s method. 

The aqueous extract of coffee is remarkably constant in amount, 
and is very little affected by variations in the roasting. Instead of 
weighing the actual extract, Graham, Stenhouse and Campbell (/• 
Chem.Soc.f 1857, 9, 33) determined the sp. gr. of the aqueous infusions 
of coffee and various roasted vegetable matters. Their me hod was 
to treat the roasted substance with ten times its weight of cold water, 
raise the liquid to the b. p., and observe the sp. gr. of the 
filtered liquid after cooling to 60® F. (*15.5® C.). The following is a 
classified arrangement of their results: 
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Coffee : 

Mocha 

Neilgherry 

Plantation Ceylon . 

java 

Jamaica 

Native Ceylon 

Costa Rica 

Costa Rica 

Average 


Leguminous Seeds : 

Lupins 

Peas 

Beans 


Miscellaneous : 

Spent tan .... 
Acorns 


100S.7 

1007.3 

1008.4 


1003. I 

1007.3 


Mangold wurzel. . 

ii Cereal Products: 

■ Brown malt 

Black malt 

i Rye meal 

Maize — 

■ Bread raspings. . . 


sp. gr. of 
10% 
infusion 

Substance 

Sp. gr. of 
10% 
infusion 

j 

Roots: 


1008.0 1 

Chicory, Yorkshire 

1019.1 

1008.4 1 

Chicory, English 

1021 . 7 

1008.7 1 

Chicory. Foreign 

1023.6 

1008.7 

Chicory, Guernsey 

1023,3 

1008.8 • 

Average 

1031.05 

1009.0 ! 

Parsnips 

1014. 3 

1009.0 ; 

Carrots 

1017 . 1 

1009.05 

Turnips 

1031 .4 

1008.7 1 

Dandelion 

1031.9 


Red beet 

1 1033 . I 


1010.9 

1021 . 3 
1031 .6 

1025.3 

1026.3 


These results show a marked distinction between coffee, leguminous 
seeds, and acorns on the one hand, and cereal products and chicory 
and other roots on the other. Unfortunately, with the exception of 
chicory and coffee, they apply merely to single specimens of each kind 
of substance. 

Experiments made by Allen gave a mean sp. gr. for coffee-infusions 
precisely identical with that obtained by Graham, Stenhouse and 
Campbell (1008.7). Hence in a scries of experiments made in Allen's 
laboratory, the sample of coffee was well boiled with 10 parts of water, 
the solution filtered, and the residue washed with hot water till the 
filtrate measured 10 c.c. for every i grm. of the substance employed. 
Operating in this manner, the infusions from 14 specimens of ordinary 
commercial roasted coffee (ground in the laboratory) were found to 
have a sp. gr. ranging from 1006.8 to 1008.5, with an average of 
1007.9 (^wflJy5/, 1880, 5» ^ genuine 

coffee giving an infusion-density of 1010.2. 

J. Skalweit has shoNvn that the sp. gr. of the aqueous infusion is not 
sensibly affected by the extent to which the coffee has been roasted. 

By the exhaustion-process, Allen obtained the following results 
from samples of commercial chicory (undried) : 
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Sp. Kr. of 
infusion 


Yorkshire Chicory, under-roasted 102s -Q 

Yorkshire Chicory (same sample), highly roasted I 1019. 0 

Chicory of unknown origin | i02r.i 

Chicory of unknown origin ' 1020.0 

Chicory of unknown origin 102^.4 


Mean i 1021. g 


It is evident that the density of chicory infusions varies much more 
than that of coffee, a fact which prevents the method from furnishing 
more than an approximate determination of the proportion of coiTce 
and chicory in a mixture of the two. A sharper result may he obtained 
by previously drying the sample at ioo°, and hence eliminating the 
somewhat serious error due to varying proportions of moisture. 
Adopting 1,024 as the normal sp. gr. of the infusion of dried chicory 
and 1,009 as that of dried coffee, the percentage of real coffee in a mix- 
ture of the two will be found by the following equation, where d is the 
sp. gr. of the io% infusion and C the percentage of coffee in the sample: 

^ (1024— (i) 100 

15 

A. McGill (Trans. Royal Soc. Canada, 1887) finds that the sp. gr. 
of the infusion of coffee and chicory is materially affected by the 
fineness of the powder, the time occupied in heating the decoction to 
boiling, and the time during which the boiling with water is continued. 

McGill’s method is best carried out as follows: 

Weigh into a tared flask the equivalent of 10 grm. of dried coffee; 
add water until the contents weigh no grm., connect to a reflux con- 
denser and heat so that boiling commences in 10 to 15 minutes. Boil 
for I hour, cool for 15 minutes, weigh again and make up any loss by 
the addition of water, filter through a dry filter and take the sp. gr. of 
the filtrate at 15®. The average sp. gr. of a 10% extract of pure coffee 
is 1.00986 at 15®, and of chicory under the same conditions (for 3 
samples) sp. gr. 1.02821. The approximate percentage of chicory 
may be calculated by the following formula: 


% chicory = 100— 


(1.02821 — sp. gr.) 


0.01835 

The refractive index of the above solutions by Zeiss’ refractometer is 
No = 1.3377 for 10% coffee extract and =» 1.3448 for 10% chicory 
extract. 
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Thos. Macfarlane obtained the following results by the application 
of McGill’s method for ascertaining the infusion-density and actual 
determination of the soluble extract. This last estimation was made 
by tlroroughly extracting the dried sample with petroleum spirit, and 
then treating the redried substance with boiling water. Instead of 
evaporating the solution, the insoluble matter was redried and weighed, 
the loss showing the “water extract:” 


Water extract 


Infusion sp^. 
KT. at 63® r. 


Santos coffee 

Mf)cha coffee 

java coffee. 

Java coffee, with 10% Chicory 
java coffee, with 20% Chicory 
java coffee, with 30% Chicory 
lava coffee, with 40% Chicory 
lava coffee, with 50% Chicory 
java coffee, with 60% Chicory 
java coffee, with 70% Chicory 
lava coffee, with 80% Chicory 
java coffee, with 90% Chicory 
Chicory 


22.44 

21.92 

1009.78 

20.43 

1009.73 

35.90 

loi I . 58 

30.75 

1013.44 

37.40 

1015 . 38 

43.36 

1017 .08 

49.84 

j 1018.66 

53.82 

1 1020.48 

60.34 

1023.70 

65.93 

i 1034.15 

71.41 

1 1026.43 

77-73 

1028.3a 


Tatlock and Thomson {J.Soc.Chem. Ind., 1910, 29, 138) give 
the sp. gr. of 10% infusion as from 1.0099 to 1.0102. McGill {Cana- 
dian Bull., 1909, 172) gives for the sp. gr. of a 10% extract of 55 
samples of genuine coffee figures varying from 1.0083 to 1.0104 
with a mean value 1.0093. 

It is evident that the sp. gr. of the aqueous infusion is really a 
function of the solid matter dissolved by the water, and a close 
approximation to the percentage of the latter can be obtained by 
dividing the difference between tlie sp. gr. and 1,000 by the number 
0.375 multiplying it by 2.67. This factor is deduced from the 
known solution-densities of caramel and the carbohydrates. J. 
Skalweit {Rep. Anal. Chem., 1882, 2, 227), as the result of direct experi- 
ment, gives the following data: At 17.5°, i.ooi sg. gr. of 20% infusion 

represents 0.36 extract per 100 c.c.; 1.115 sp. gr. of 20% infusion 

represents 27.24 extract per 100 c.c ; 1.235 sp. gr. of 20% infusion 

represents 48.25 extract per 100 c.c. Thus if a coffee-infusion have 

a sp. gr. of 1009.0, the proportion of matter soluble in water will be 

looQ.o— 1000.0 ^ 

— - — -=24.0%. 

0-375 
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The figures for soluble extract obtained by T. Macfarlane (Ottawa) 
by the analysis of 54 samples of commercial coffee ranged from 21.5 
to 26.5%, with an average of about 24%. The samples were dried 
at 100°, deprived of fat by treatment with petroleum spirit, re-weighed, 
and then exhausted with water. Instead of evaporating the infusion 
and weighing the soluble extract, the insoluble residue was dried and 
weighed, and the loss gave the soluble extract. A. Smetham has also 
proposed to wash, dry, and weigh the insoluble matter left on the 
filter. 

Alfred E. Johnson states the soluble extract from previously dried 
(roasted) coffee to be very constant at 24%, and the extract from dried 
chicory to average 70%, and on these figures bases the following process 
for the analysis of coffee mixtures. 

The ground coffee is dried at 100° and 5 grm. of the moisture-free 
sample boiled for 15 minutes with 200 c.c. of water. After settling 
for a few minutes, the liquid is poured off through copper wire-gauze 
or coarse muslin into a 250 c.c. flask. The grounds are boiled with 
50 c.c. of water for 5 minutes and the liquid strained as before. The 
contents of the flask are cooled, made up to 250 c.c., agitated, and 
poured on to a dry filter. 50 c.c. of the filtrate, rejecting the first 
portion (equal to i grm. of the dry sample), is then evaporated in a 
flat dish over boiling water, and the residue (representing the extract 
from I grm.) dried in the water-oven and weighed. Then: 


100(70— % of extract found). 
46 


= percentage of coffee in sample. 


The results thus yielded by coffee and its principal adulterants are 
given on pages 658, 659. 

Winton estimates the soluble solids in ground coffee by 8 hours’ 
maceration of 4 grm. of the sample in a 200 c.c. graduated flask filled 
to the mark with water. The flask is shaken frequently and then 
allowed to stand for a further 16 hours, filtered, 50 c.c. of the filtrate 
evaporated in a flat dish, and dried at 100° and weighed (A. O. A. C.). 

Reducing sugar may be estimated (A. 0 . A. C.) in this solution by 
the ordinary methods, after clearing with lead acetate. The results 
are calculated to dextrose (Vol. i, page 320). 

Sucrose may be estimated polarimetrically (A. 0 . A. C.) by taking 
half the standard quantity, extracting and clearing with basic lead 
acetate (Vol. i, page 309). 
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Starch, if present, may be estimated (A. 0 . A. C.) by the diastatic 
method (Vol. i, page 422). 

Proteins are estimated from total nitrogen by Kjeldahl’s method, 
after deducting the nitrogen due to caffeine. The difference multiplied 
by 6.25 is taken as protein, but the results have very limited ap- 
plication. The crude fibre is determined as usual but is rarely 
required. 

For the detection of adulteration in roasted coffee it is usually suffi- 
cient to estimate moisture, ash (soluble and insoluble), caffeine, fat 
and the 10% extract. Additional information in doubtful cases may 
be optained from the alkalinity of the soluble ash, the proportion of 
nitrogen and from the amount of chlorine which in adulterants is fre- 
quently higher than in coffee. 

Adulterations of Coffee. — Commercial coffee is subject to a variety 
of sophistications, both in the berry and after grinding. 

Imitation coffee-berries were formerly manufactured of fire-clay. 
These were mixed with genuine berries and roasted with them, when 
they absorbed some of the colouring matter and oil, and so remained 
a close imitation. On breaking such spurious berries the colour 
would be seen to be principally on the exterior. The determination 
of the total ash and silica would at once lead to the detection of such a 
fraud. 

In 1850, Messrs. Duckworth of Liverpool took out a patent for 
moulding chicory into the form of coffee-berries, and several kinds of 
factitious coffee-berries have been described. 

A factory for the manufacture of imitation coffee-berries on the 
scale of 40 to 50 kilogrm. daily was seized at Lille by the French 
Government. It appeared in evidence that the composition of the 
product was: Chicory, 15 kilogrm. ; flour, 35 kilogrm. ; ferrous sulphate, 
1/2 kilogrm. 

Factitious coffee-beans seized in Roumania consisted of coffee- 
grounds, chicory, and peas. 

In America there are several firms which extensively manufacture 
imitation coffee-beans and “coffee-pellets.*' These preparations 
usually consist of wheat-flour, chicory, bran, and occasionally coffee. 
Samples purchased and examined by the chemists of the United States 
Department of Agriculture gave the following results: 
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App>carance ! Sp. gr. j 


Composition 


Roasted beans 

Roasted beans 

Roasted beans 

Roasted pellets 

Roasted pellets 

Roasted pellets 

Raw beans 

Roasted beans 

Light-coloured beans. 
Dark-coloured beans . 

Roasted beans 

Roasted granules 

Roasted lumps 

Roasted granules 


195 

198 

111 j 

119 1 
183 

IQJ 


I . 

an i 

I . 

174 i 

I . 

M 4 ; 

I . 

II8 j 

! 

1 


Wheat-flour. 

Wheat-flour, coffee, and chicory. 

“Kunst Kaffee.” Wheat-flour, coffee, and chicory. 

1 Wheat-flour, bran, and probably rye. 

W'heat- flour and coffee. 

Wheat-flour. 

I Wheat-flour and probably sawdust. 

Wheat-flour. 

Hulls of peas, with molasses. 

Bran and molasses. ' 

Pea hulls and bran. 


A. W. Rehnstrom {Eng. Pat., 14,970, 1889) described a substi- 
tute for coffee prepared by boiling down whey or milk in a vacuum to 
a pasty consistency, forming the product into cakes, drying it below 
100°, cutting it into pieces the size of coffee-beans, and roasting. 

L. Jaunnes, in 1891, examined a factitious coffee consisting of acorns 
and cereals.^ 

An imitation coffee examined by J. Kbnig {Zeitsch. angew. CJiem., 
1888, I, 630) closely resembled real coffee in appearance, but all the 
berries were precisely the same shape. Under the microscope, wheat- 
starch was detected, and Kdiiig concluded that the article consisted of 
roasted wheat dough of low quality. E. Fricke {Zeitsch. angeiv. 
Chem., 1889, 2, 310) has described a factitious coffee containing 
caffeine, and apparently made from lupine-seeds. K. Portele {Chem. 
Zentr., 1890, 61, 135) has described factitious coffee-beans sold 
under the name of “Kunst Kaffee.” The following were the com- 
positions of the samples referred to above: 


Portele Konig Fricke 


Moisture 1 

Proteids 1 

Fat ' 

Starch, sugar, gum, etc ! 

1.46% 

3.86% 

64.01% 

15-83% 

S-M% 
10. 75 *,;, 

3.19% 1 

76.76% I 
3.96% j 

(Analysed after drying.) 

. 17. 90% 

3.03% 

Cellulose : 

Caffeine 

10.83% 

Ash 

3 - 53 % 

1 . 30 % 

2 . 37 % 


101.63 % 

i too. 00% 

100.00% 

Matter soluble in water 

31.53% 

39.28% 

34.85% 


I The writcfi have found a sample of factitious coffee to consist of roasted maize, polished 
and glazed. 
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R. Wolff enstein {Zeitsch. angew. CJiemie, 1890, 3, 84) has described 
two varieties of factitious coffee, respectively known in Germany as 
Domkaffee and Allcrweltkaffee. Both preparations were entirely 
destitute of caffeine. One consisted practically of chicory, while the 
other contained large quantities of lupines. From the latter spec' men 
Wolffenstein isolated a brown colouring matter having the spectro- 
scopic and chemical characters of Cassella-brown. It was soluble in 
alkalies and in water, but was completely precipitated from its solu- 
tions by hydrochloric acid. 14 grm. of the sample extracted with 
water and precipitated with acid yielded 1.67 grin of the colouring 
matter. 

Factitious coffee-beans are, with very rare exceptions, heavier than 
water, while genuine roasted beans are invariably lighter, unless much 
over-roasted. In taking the sp. gr., 20 beans should be immersed in 
brine, which is then diluted with water till 10 of the beans float and 
the remainder sink. The result shows the average density; but indi- 
vidual factitious beans often vary considerably from the mean. 

In genuine coffee-beans a portion of the fine membrane or “parch- 
ment” with which the berries were invested will almost always be 
found adhering in the cleft. The microscopic structure of the bean, 
as seen in a thin section, or of the powder affords a certain means of 
recognising its nature. Most factitious beans contain starch, which 
is entirely absent from genuine coffee. Chicory and other roots are 
readily recognisable by the microscope. The methods used for the 
examination of ground coffee may also be applied. 

G. Wiirtz {Zeitsch. Nahr. Gcnussm.y 1898, i, 248) has called atten- 
tion to the practice of washing coffee beans, colouring and drying in 
a centrifugal machine with fine sawdust. By this means the furrows 
arc filled witli wood powder, making them a fine white and enhancing 
the value of the beans. 

Dangway beans, the seeds of Cassia tora or C. occidentalis, abundant 
in British Burmah, have been prepared and patented as a substitute 
for coffee {Eng. Pat., 15,564, 1888). In Germany, the ground and 
roasted seeds have been sold under the name of “Mogdad coffee,” 
and it is said that a smaller proportion than 20% in coffee cannot be 
detected either by the taste or the appearance of the sample. Dang- 
way beans leave about 10% of ash on ignition, and have a character- 
istic microscopic appearance which has been described and illustrated 
by A. Wynter Blyth {Food; Composition and Analysis). They sink 




Fig. 4.— Coffee. I., portion of the seed coats, surface view; par,, collapsed 
parenchymatous tissue; scl. c., sclerenchymatous cells; v., vessel, X 2 20. II., trans- 
verse section of outer part of endosperm, epidermis, X220. III., embryo of 
seed; cot., cotyledon; rad., radicle. IV., sections of seed; cot., cotyledon; end., 
endosperm; rad., radicle. (Greenish.) 
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very rapidly in water and colour brine more intensely than do coffee 
beans. Dangway beans contain a tannin distinct from caffetannic 
acid. They are destitute of caffeine, but O. Hehner has detected a 
minute quantity of some other alkaloid. 

The use of Mussaenda Borbonica seeds, to be mixed and roasted 



Fio. 5. — Chicory Root. I, transverse section; lat., latidferous vessel; m.r., 
medullary ray; ph., bast; v., vessel; x.par., wood parenchyma. II., radial section 
of vessels. III., latidferous vessel isolated by maceration with potash. X220., 
(Greenish.) 


with coffee-beans or entirely substituted for them, has also been 
patented {Eng. Fat., 14,945, 1888). Investigations at Kew Gardens 
show the supposed Mussaenda seeds to be really those of G(srtnera 
vaginata. They contain no caffeine. 
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The beans of a species of Phaseohis arc reported by E. Fricke to be 
roasted, ground, and sold as “Congo coffee.’’ The berries are very 
large — 2 14 filling a 100 c.c. measure— and of shining black colour. The 
infusion is very astringent and contains no caffeine or other crystallis- 
able alkaloid. 

To distinguish lupine-seeds from coffee-beans, Hager treats 3 grm. 
of the powdered sample with 20 c.c. of water and filters after half an 
hour. The filtrate from genuine coffee will be feebly yellow and not 
taste in the least degree bitter, while in the presence of lupine-seeds a 
marked bitter taste will be observed. 

Bertarelli {Zeitsch. Nahr. Genussm., 1900, 3, 681) pointed out that 


sch s 


rp 


Fig. 6. — Chicory Root, radial section of cortex, hf), bast parenchyma; w, 
mc<iullary ray; cortical parenchyma; 5c/t, laticiferous vessels. X160. (Moeller.) 



roasteti coffee has been soaked in a 5% solution of borax by which 
means some of the moisture lost during roasting is absorbed The 
borax introduced in this way is too small to increase the ash notably 
and it is therefore desirable to test for borax when a roasted coffee is 
found to contain a high proportion' of moisture. Morpurgo has 
called attention to the artificial colouration of coffee berries. He 
found coffees coloured by mixture of graphite, bone black, soot, ultra- 
marine, Prussian blue, lead chromate, tannate or iron, yellow ochre, 
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chalk, talc and anline colours. Some samples were found to be 
polished with wax, resin and sandarac. The colour and appearance 
of the berries when examined with a lens will frequently indicate such 
sophistication. 

According to L. Padd {Bull. Soc. Chim.^ 1887, 47 > raw coffee 
which has been damaged by sca-watcr is sometimes washed, decolour- 
ised with lime-water, again washed, dried rapidly, and coloured either 
by slight roasting or by dyeing with azo-oranges. By such manipula- 
tions, green Santos coffees are said to be increased 25% in value, and 
made to pass for Java growths. E. Waller states that South American 
coffees are often exposed to a high moist heat, which changes their 
colour from green to brown, in imitation of Java coffee. He found 
coffee-berries coloured with Scheele’s green, yellow ochre, chrome- 
yellow, burnt umber, Venetian red, etc. When possible, such facings 
should be detached by agitating the berries with cold water and 
examining the sediment. Organic colouring matters can be detected 
by soaking the berries in alcohol, which is not coloured by genuine 
coffee. On evaporating the alcoholic solution to dryness, and taking 
up the residue in water, a solution will be obtained which will give 
the characteristic reactions of the coal-tar dyes. 

The sp. gr. of 24 samples of genuine raw coffee-berries was found 
by Padd to range from 1.368 to 1.041, while the density of the same 
samples, after roasting in the ordinary manner, varied from 0.635 
0.500. Raw coffee which is lighter than water may be suspected of 
having been damaged by sea-water or other means, and subsequently 
washed and improved in colour by partial roasting. 

The sp. gr. of coffee-berries is ascertained by Pad6 by a special 
apparatus described in his paper. In the case of unroasted coffee, 
the gravity can be readily observed by immersing a few of the berries 
in saturated brine, which is then diluted with water till the coffee 
remains suspended in the liquid, the sp. gr. of which is then taken. 
With roasted coffee, the brine must be replaced by the very lightest 
gasoline, the density of which can be increased if necessary by the 
gradual addition of ordinary kerosene. Another plan of ascertaining 
the sp. gr. of coffee-berries is to introduce as many as possible into a 
tared 50 c.c. flask or other ^'fessel of known capacity. The weight is 
then ascertained, and the flask filled to the mark with mercury. The 
weight is again observed, when the increase will be the weight of 
mercury required to fill the interstices between the berries: 
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According to J. Konig (Zeilsch. angew. Chem.^ 1888, i, 630) coffee 
is often roasted with an addition of glucose-syrup, which makes the 
decoction look stronger and causes the berries to hold an additional 
7% of water. L. Pad^ states that roasted coffee-beans can be made 
to take up nearly 20% of water by steaming them and coating them 
with glycerin, palm-oil, or vaseline to prevent evaporation. The sp. 
gr. of the berries is thereby raised to 0.650-0.770, and hence is sensibly 
above 0.635, which is the maximum figure for genuine roasted 
berries. 

Van Hamel Roos {Revue Intern, des Fals., 1890-1, 4, 166) has 
called attention to an ingenious method of sophisticating coffee-berries. 
A sample examined by him had the microscopic structure of genuine 
coffee, but showed an almost entire absence of fat globules, and gave 
an ether-extract of less than 1% (instead of 12 to 14). Roos suggests 
that the berries had been used for preparing coffee-extract, and then 
re-roasted with addition of a little sugar. 

As a coating for coffee, T. W. Moore patented {Eng. Pat.j 5033, 
1889) a mixture of milk or condensed milk, ground or powdered glue, 
liquid glycerin,” and refined lard; with the addition in some cases of 
bicarbonate of soda, fine salt, and vinegar I 
Ground Coffee. — Besides the foregoing sophistications and substi- 
tutions of the coffee-bean, ground coffee is liable to various adultera- 
tions. Wallace {Analyst^ 1884, 9, 42), names the following articles 
as used for adulterating coffee: Chicory, caramel, dried and roasted 
figs, dried dates, date-stones, decayed ship biscuits, beans, peas, acorns, 
malt, dandelion root, turnips, carrots, parsnips, and mangold-wurzel. 
Some of these can be tolerated when practised in moderation, provided 
that the fact and proportion of admixture are duly acknowledged; but 
it must be remembered that all these additions, including chicory ^ the 
least objectionable and by far the most widely used, are destitute of 
the volatile oil and peculiar alkaloid which give to coffee its most 
valued properties. The diminished consumption of coffee in England 
is doubtless largely due to the frequency and extent of its sophisti- 
cations in the past. 

The chief adulterants likely to be met with in ground coffee are: 
I. Mineral matters; 2. roots, such as chicory, dandelion, turnip; 3. 
seeds and seed-products, such as beans, acorns, and cereals; and 4* 
saccharine matters, such as caramel and roasted dates and figs. 

In Bulletin No. 29 of the Laboratory of the Inland Revenue Depart- 
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ment, Canada, T Macfarlane, states that: “There are, moreover, 
large quantities of a substance imported under the name of essence of 
coffee, for adulterating purposes, which is a species of burnt sugar, and, 
from its containing dextrin, is probably made from some of the bye- 
products of the glucose factories. It costs in New York and Phila- 
delphia from 3 to 5 cents per lb. As it possesses no organic structure 
it is apt to be overlooked in the microscopical examination. It contains 
about 75% of matter soluble in water, which has great colouring power, 
and a little of it is capable of imparting a strong brown coffee colour 
to water.” 

Caramel^ when added as such, may often be distinguished under a 
low microscopic power by the jet-black colour of the particles. These 
dissolve easily in water with intense brown colour, and the solution has 
a bitter taste. 

A factitious caramel has been manufactured by adding to glucose 
about 1/8 of its weight of a brown coal-tar dye, Naphlhol Brown. 

A useful preliminary test for ground coffee consists in gently strewing 
some of the powder on the surface of cold water. The oil contained 
in coffee prevents the particles from being readily wetted by the water, 
thus causing them to float. Chicory and the majority of coffee adul- 
terants contain no oil, and their caramel is very quickly extracted by 
the water, with production of a brown colour, while the particles them- 
selves rapidly sink to the bottom of the water. On stirring the liquid, 
coffee becomes tolerably uniformly diffused without sensibly colouring 
the water, while chicory and other sweet roots quickly give a dark 
brown, turbid infusion. Roasted cereals do not give so distinct a 
colour. 

According to A. Franz {Arch. Pharm.^ 1876 [m], 8, 298), if 2 c.c. 
of a 10% infusion of coffee in boiling water be treated with 0.3 c.c. of a 
2.5% solution of cupric acetate, and the liquid filtered, a greenish- 
yellow filtrate is obtained. If chicory be similarly treated, a dark red- 
brown filtrate results, the colour of which changes on standing. 10% 
of the adulterant can thus be detected. 

The colour of an infusion of chicory is said to remain unaltered on 
addition of a solution of ferric chloride or sulphate, while the brown 
colouring matter of coffee infusion turns green, and is partially pre- 
cipitated as bluish-green fljikes. In an infusion of mixed chicory and 
coffee, the reagent forms a precipitate, and leaves the liquid more or 
less brownish* yellow. The deposition of the precipitate is facilitated 
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by rendering the liquid slightly alkaline by ammonia {Dingler's polyi 
J., 1874, 211, 78). 

Albert Smith {Pharm. 1880 [Hi], ii, 568) recommends, for 
the detection of chicory in coffee, that 10 grm. of the sample should 
be boiled with 250 c.c. of water, and the liquid strained and precipitated 
with a slight excess of basic lead acetate. On allowing the precipitate 
to settle, the supernatant liquid will be colourless if pure coffee has 
been under treatment, but in presence of chicory wall be coloured to a 
greater or less degree according to the proportion present, w^hich can 
be estimated from the depth of tint by a process similar to that of 
nesslerising water. 

The three foregoing tests are occasionally of service for the examina- 
tion of infusion of coffee when the solid article is not available, but they 
cannot be regarded as so satisfactory as the actual recognition of the 
adulterant by the microscope. 

Tatlock and Thomson (J.Soc. Chem. Ind., 1910, 23, 138) give an 
analysis of chicory for comparison with coffee. Their results are as fol- 
lows: 75.8% water extract, 1.9% of soluble ash, 2.0 of insoluble ash and 
2.73% of oil, and 4.8% moisture. The cupric reducing power of a 10% 
extract was 24.2 as compared with 0.6 for roasted coffee. The great 
majority of seeds likely to be met with in coffee contain a notable quan- 
tity of starch. This is true of beans, peas, acorns, and all cereals and 
products therefrom. Hence if starch be absent, the freedom of the 
coffee from all this class of adulterants is certain. If present, the 
nature of the admixture can usually be ascertained by a microscopic 
examination of the prepared sample. For this purpose the coffee 
should first be exhausted with ether to remove fat, and then treated 
with alcohol to dissolve the colouring matter. In the residue, the starch 
and other structures will be readily perceptible. 

For the detection of starch, Allen boils the coffee for a few minutes 
with about 10 parts of water. When the liquid has become perfectly 
cold, some dilute sulphuric acid is added, and then a strong solution of 
potassium permanganate dropped in cautiously, with agitation, till 
the colouring matter is nearly destroyed, when the liquid is strained or 
decanted from the insoluble matter. On now adding a solution of 
iodine to the solution, a blue colouration will be produced if any 
starch be present. As little as 1% can^be readily detected in this 
manner. 

Some operators employ animal charcoal for decolourising the coffee 
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infusion before testing for starch. The addition of starch-holding 
adulterants to coffee is rare in the United Kingdom, but in the United 
States and Canada is very common, the adulterants there found includ- 
ing wheat-flour and bran, buckwheat, barley, maize, peas, pea-hulls, 
etc. In 1875 ^ seizure was made in the East of London of a 
mixture of io% of coffee with 90% of roasted acorns. Roasted acorns 
were first placed before the English public as “Pelotas coffee,” and 
subsequently as “coffee surrogate,” but the manufacture of both these 
preparations was stopped by the Excise Authorities. 

The insoluble matter remaining after treating the coffee with water 
and decolourising with permanganate can be advantageously examined 
under the microscope for chicory and other non-starchy additions, the 
structure of which is more readily observed after the removal of the 
colouring matter. 

F. M. Rimmington {Pharm. /., 1880 [iw], ii, 529) recommends, 
for the removal of colouring matter, that the sample of coffee should 
be boiled fpr a short time with water containing a little sodium carbon- 
ate. After subsidence, the liquid is poured off, the residue washed 
with water, and then treated with a weak solution of bleaching powder 
until decolourisation is effected, which usually occurs in 2 to 3 hours. 
The real coffee will then form a dark stratum at the bottom of the 
beaker, and the chicory a light and almost white stratum floating 
above it, showing a clear and sharp line of separation. 

Under the microscope, chicory is readily recognised by the peculiar 
dotted appearance of the vessels, often occurring in bundles, and by 
the characteristic appearance of the large cells. Dandelion, turnips, 
and other sweet roots present a close similarity to chicory, and can 
only be safely distinguished therefrom by careful microscopic com- 
parison of the sample with the actual roots in question. 

The microscopic appearance affords the only certain means of iden- 
tifying chicory and other roots in coffee, and the same statement 
applies to saccharine fruits, such as roasted figs, dates, raisins, etc. 
The adulterants of coffee are best examined. as transparent objects 
under a moderate power, and, except where starch is to be identified, 
by unpolarised light. 

The nature of an adulterant of coffee having been ascertained by the 
aid of the microscope or other means, an attempt may be made to 
deduce the proportion present from the chemical composition of the 
sample. When only one adulterant is present, this may sometimes be 
VoL. VI.— 43 
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effected with a fair approximatioa to accuracy; but even in the case of 
chicory it is not always possible to ascertain the proportion within a 
somewhat wide limit. 

Commercial chicory is prepared from the root of Cichorium intybusy 
which is cut into slices, kiln-dried, and then roasted in the same manner 
as coffpe, usually with the addition of a small proportion of fat of some 
kind. The preparation and use of roasted chicory appears to have 
originated in Holland about 1750. A. Mayer {Bied. Central. y 1885, 
828) gives the following as the composition of 3 samples of Dutch 
chicory root: Water, 72.0 to 77.3%; albuminoids, i.i; fat, 0.2; 
inulin and other non-nitrogenous matters insoluble in alcohol, 12.0 
to 17.3; crude fibre, 1.4 to 1.8; sugar, etc., 5.0 to 6.0; bitter extract, 
0.05 to 0.15; and ash, 1.4 to 1.9%. Mayer found the bitter sub- 
stances extracted by chloroform to be soluble in water and alcohol, 
insoluble in ether, and absorbed by bone-charcoal. They were 
decomposed by boiling with dilute sulphuric acid, but did not by 
such treatment yield any substance capable of reducing Fehling’s 
solution. 

A. Petermann {Bied. Central.y 1883, 843) gives the following 
results of analyses of 2 samples of roasted chicory, one of which 
was coarsely and the other finely ground. The ash was somewhat 
higher than usual, but was perfectly white. The fat shown was 
probably not all natural to the chicory, as the proportion recorded is 
largely in excess of that found by other observers. The water also 
is much above the usual proportion in recently roasted chicory (5 to 7%, 
and the albuminoids below the usual range (8.75 to 11.50. — 0 . Hehner). 


Water (lost at 100-105®) 

Glucose 

Dextrin; inulin 

Albuminoids 

Colouring matter and bitter extractive 

Ash in soluble portion 

Ash in insoluble portion 

Albuminoids 

Fat 

Cellulose 


rse grains 

Fine 

16. a8 

16.96 1 

36.1a 

33.76 

9.65 

9.31 

t . 33 

3.66 

16.40 

t 7 .S 9 

3.58 

3 . 55 , 

4.58 

5.89 

•»s 

a . 98 

.S.71 

3.93 

12.3a 

* 3. 37 


Soluble in 
hot water 

-57.96- 


Insoluble in 
hot water 
— 16.14. 


Bernard Dyer {Analysiy 1898, 23 , 226) gives the following analyses 
of chicory; 
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Total 




Ash 




matter 

Ethe- 

Nitro- 

Total 


Sand 



insoluble 

real 

gen 

ash 

in water 



in water 

extract 





Chicory "nibs," 
" medium roast. 

^ described as 

aa.40 

2 . 57 

1-53 

4.63 

3.50 

0.70% 

Chicory "nibs,” 
"dark roast." 

described as 

SO. 30 

2.43 

1.67 

4.70 

3.99 

0.30% 

Ground chicory. . 


aa.a? 

a. 17 

1-33 

5-53 

2-43 

1.43% 

Ground chicory. . 



at .50 

1.90 

1-34 

5. 23 

2.07 

1.43% 

Ground chicory. . 


35-50 

3.43 

1 .50 

5.13 

2 • 57 

0.77^ 

Ground chicory. . 


37.80 

3.87 

1.52 

8.23 

1,60 

3 -97% 

Ground chicory. . 


22.77 

3.17 

1.25 

S.13 

3-30 j 

1 .60% 

Ground chicory. . 


23.50 

3.67 

1-23 

1 5-73 1 

3.23 j 

1 .63% 

Ground chicory. . 


23 - 50 

a. 60 

I .39 

5.63 ! 

2.97 1 

1-47% 

Ground chicory. . 


aa . 50 

a .60 

1.29 

5-33 

3-20 j 

1 .47% 

Ground chicory. . 


33.63 

2.57 ! 

1 

I . a9 

i 

5. 70 , 

a .60 1 

1.47% 


The above results are calculated on the dry substance, the percent- 
age of moisture in the sample ranging from i to 4%. 

J. Wolff {Analyst^ 1899, 4, 157, 187) shows a mean of 6.1% of 
inulin in 6 roasted chicorys. 

The following analyses by C. Krauth {Ber.^ 1878, ii, 277) give 
some comparative figures for coffee and its more probable adulterants. 
Except in the case of the last column, the results apply to the substances 
previously dried at 100°: 





Sugar 

Soluble 

in 

water 

Insol. 

in 

water 

Moisture 

in 

undried 

sub- 

stance 


Ash 

Fat 

Before 

hydrol- 

ysis 

After 

hydrol- 

ysis 

Coffee, roasted, 5 
samples. 

4.19 

to 6.38 

I r . 76 
to 15.6 

0 . a 

34.39 

22.47 
to 35.21 

74.79 
to 77-53 

1.47 
to 4.37 

Chicory, roasted 

10.83 

1.15 

23.40 

aa. 14 

65 . 4 a 

34.58 

4.30 


Chicory, unroasted . . . 

S.3S 

0.43 

23.84 

Not de- 
termined 

78.71 

31.38 

6.89 

Rye, 

a 

1.68 


75.37 

31.9a 

68.07 

0.38 





1.80 

2.75 



52.65 

47.3s 






Coffee, with 10 % rye. 

4-31 

14.16 

0.19 

29.65 

25.98 

74.46 

2.15 

Coffee, with lo % 
wheat. 

5 . 10 

12.55 

a . 30 

23.1s 

30.63 

69.36 1 

a . 30 


The following analyses by Kbnig show the composition of certain 
adulterants of coffee: • 
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Water 

Nitrogenous matters 

Fat 

Sugar 

Other non-nitrogenous matters, 

Cellulose 

Ash 

Matters soluble in water 


Chicory 

Figs 

' Acorns 

Rye 

I a. 16 i 

18. q8 

12.85 

15.22 

6.00 : 

4.2s 

6.13 

II .84 


2.8.? 

4.61 

3.46 

15.87 ' 

. 54 .I 9 

8.05 

3.9a 

46.71 j 

29. IS 

6 a . 00 

55.37 

! 1 t . 00 j 

7.16 

4.98 

5.35 

1 6.1a 1 

. 5.44 

a . I a 

4.81 

6.J.0S 1 

73.81 


45 . II 


The following table shows the published results of analyses of 
coffee substitutes said to be manufactured respectively from acorns, 
rye, and barley: 


Nitrogenous matters.. 

Fat 

Sugar 

Starch 


Other non-nitrogenous matters. . 

Cellulose 

Ash 

Matters soluble in water 


phuric acid. 


“ Acorn 
coffee” 

" Rye cof- 
fee substi- 
tute” 

liarley 

coffee 

” Barley 
coffee'^ 

12.8s 

a.aa j 

3.4s 

6.41 

6.13 

11.87 1 

9.38 

10.56 

4.01 

8.01 



1 . 04 

b 

0 

8.34 1 

49. SI ' j 

9.83 J 

1 70.13 j 

68.38 

4.98 

9.78 1 

4.2s 

10.56 

. a . oa 

4.54 i 

3.36 j 

3.04 


61.33 1 

31.20 1 
69.28 j 

34.37 

67.19 


The “acorn coffee” was analysed by Konig, who found from 20 
to 30% of starch and 6 to 8% of a variety of tannic acid. The “r>’e 
coffee substitute” was prepared by Behr Bros. The analyses of 
“barley coffee” are by C. Komauth. 

Moscheles and Stelzer have published complete analyses of several 
coffee substitutes {Chem. Zeit.j 1892, 16, 281). One of these con- 
tained lupines (which they consider a very reprehensible addition), 
and another was destitute of coffee, but contained 0.31% of caffeine, 
due to the presence of powdered kola-nut. 

The tinctorial power of the infusion was suggested by Graham, 
Stenhouse and Campbell (/. Chem. Soc.y 1857, 9, 36) as a means 
of determining adulterants in coffee. They found that the depth of 
colour of the liquid obtained by infusing coffee and its adulterants in 
2,000 times their weight of boiling water varied remarkably, caramel 
giving about seven tim^s and chicory about 3 times as deep a colour as 
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coffee.' But their experiments showed that 4 different samples of 
pure coffee varied in tinctoral power between 143 and 183, as com- 
pared with caramel as 1,000, and no doubt samples of chicory would 
be found to present at least as great difference in colouring power, 
according as they happened to be lightly or strongly roasted. Never- 
theless, Allen found (C/iem. NewSy 1874, 29, 140) that the tinctorial 
power of an infusion of mixed samples of chicory was almost exactly 
3 times that of an infusion of average or mixed coffee, and that differ- 
ent samples of chicory did not very more than from 2.8 to 3.2 in colour- 
ing power when compared with the same sample of coffee. In order 
to estimate the proportion of chicory in a sample of coffee mixture, a 
standard mixture should be prepared by mixing together several 
representative samples of genuine ground coffee with an equal weight 
of mixed chicory.* i grm, of this standard coffee mixture (containing 
50% of coffee), and the same weight of the sample to be tested, are 
boiled for a few minutes with 20 c.c. of water. The liquids are cooled 
and passed through a double filter, the insoluble portions being 
repeatedly boiled with fresh quantities of water till no more colour is 
extracted. The solution of the standard mixture is then made up 
with water to 200 c.c., and the solution of the sample to 100 c.c. 10 c.c. 
of this latter liquid is poured into a narrow graduated tube, and some 
of the standard solution into another tube of exactly equal bore. If 
the sample consists of pure coffee, the 2 liquids will now be of exactly 
similar tint; but if chicory be present, the solution of the sample will 
be the darker, in which case water is gradually added till the tints are 
precisely equal. When this point is attained, the volume of the sample 
solution is observed. Every i c.c. of water added represents 5% of 
chicory in the sample. Thus if the liquid measure 17 c.c., the sample 
contains 35% of chicory. 


> The following are the relative amounts of various roasted substances found by Graham, 
Stenhouse, and Campcll to impart an equal depth of colour to the infusion: 


Caramel i 

Mangold wurzel i 

Black malt i 

White turnips 

Carrots 

Chicory, darkest Yorks 


.00 

Parsnips 

.. a. 50 

.66 

Maize and rye 

.. 3.86 

.8a 

Dandelion root. . . . 

.. 3-33 

.00 ' 

Red beet 

•• 3.33 

.00 

Bread raspings 

• . 3.64 

1 . aa 

1 Acorns 

. . 5.00 


Coffee j. 46 to 6.95 

White lupin-seed i o . oo 

Beans and peas 13.33 

Spent tan 33 00 

Brown malt 40.00 


» If the standard coffee mixture be kept, it underg(^s a change which modifie^. even in 
a dry state, the colour of the infusion. A permanent standard of the right tint can be made 
- onn ronni*r ftiiinnAtM in nroner nrooortions. a iic 


jan also M n ou»iiuaiU| i*. • ^ 

ascertained. The tints are best observed by placing a piece of wet niter-paper Denina 
the tubes while they are held up to the light. , 
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J. R. Leebody {Chem, News, 1874, 30, 243) has described a similar 
method, but, instead of observing the colour of the solutions trans- 
versely, he dilutes the solution from i grm. of the coffee to 700 c.c., 
and observes the colour from above, as in nesslerising water. 

The observation of the infusion-colour is occasionally very useful 
as an indication of the presence of caramel added as such, since in 
that case the colour will be greatly in excess of the proportion of 
chicory or other adulterant as deduced by other methods. 

In view, however, of the wide variations in tinctorial power of coffee 
and its adulterants, the colorimetric methods are of very limited 
application; but may be occasionally of value as a confirmatory test 
when adulteration has been otherwise detected. 

Coffee extracts are prepared with limited success by subjecting 
roasted coffee to treatment with boiling water or steam and adding 
the volatile products to the aqueous extract. Generally, the product 
is deficient in caffeine, and does not contain all the extractive matter 
of the coffee; nor, when diluted with the appropriate amount of water, 
is the colour the same as that of the freshly-prepared liquid. To 
remedy this defect caramel is often added, together with strong alcohol 
as a preservative. In one patent, addition of chicory and sugar is 
prescribed. The following results were obtained by A. Domergue 
(/. Phartn. Chim., 1892, 25, 243) by the examination of 6 samples 
of coffee extract: 



Water 


j Extract dried at 
I 100°, % 


Caffeine, 

% 


86.3 

83.4 
58.99 

73.8 

69.9 
80.74 


13.7 

17.6 
4t .01 
37 . 3 
30.1 
19. 36 


O. X06 
o. los 
0.060 
0.040 
0.050 
0.096 


I 


Ash, 

% 


0.61 

0.79 
4.30 
3.10 
1 .40 
1.83 


Samples A and B were prepared in the laboratory. C, D, and E 
were coloured with caramel. Domergue regarded the proportion of 
caffeine as the best indication of the value of a coffee extract. 

Tht Lancet (1894 [ii], 43) gives the following results of analyses of 
coffee and coffee and chicory extracts and essences: 
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Sample 

Dried ex- 
tract 

Caffeine 

Mineral 

matter 

Description 

Standard infusion 

a. 10 

o.a6 

O.It 

10% infusion of best mocha. 

I 

60.30 

1.17 

a. SO 

Pure extract. 

3 

83.30 

0.58 

3. 20 

Pure extract. 

4 

19.00 

0.87 

3.30 

Pure essence. 

6 

67.40 

3.5s 

10.00 

Pure extract. 

8 

67.60 

1 .00 

3.30 

Pure extract. 

10 

31-63 

0.46 

1 . 20 

Pure essence. 

I 3 

38.60 

0.44 

1.36 

Pure essence. 

U 

40.70 

I. 3 S 

3.9a 

Pure essence. 

3 

83.40 

0.30 

1 .50 

Coffee and chicory. 

S 

73.00 

0.23 

1.8s 

Coffee and chicory. 

I I 

36.10 

i 0.31 

0.80 

Coffee and chicory. 

9 

64 . 10 

0.47 

21S 

Dandelion coffee essence. 


At a dilution of 2 tcaspoonfuls to a cup of 10 ounces (which dilution 
is somewhat less than that generally recommended by the makers), i 
only of the extracts yielded a liquid closely resembling in appearance, 
flavour and analytical data a genuine coffee infusion. It is noteworthy, 
moreover, that this extract (No. 6 above) was described as a very con- 
centrated and expensive product, prepared especially for confectioners. 

Moor and Priest {Analyst, 1899, 24, 281) in 10 samples obtained 
figures in fair agreement with those given above. In their opinion 
the low caffeine contents are due to unavoidable loss during manu- 
facture, owing to the caffeine being precipitated as an insoluble 
tannate, which, they state, may sometimes be seen at the bottom of 
the bottle. 

Tatlock and Thomson {loc. cil) give the following figures for coffee 


and chicory essences, mixed with sugar: 



Coffee and chicory essences 

I I 3 

Essence of coffee 
(French) 

Caffeine 


0.3 

0.7 

CrystallisnhlH sugar 


39-7 

1 

Uncrystallisable sugar 

13.9 

10. 1 

) 40.0 

J 

Other organic matter 

16.3 

15-9 

Ash 1 

Water 

1.5 

30.7 

. 

1 .6 

32.4 

3-3 

56.0 


Utilising their observation that, whatever the degree of exhaustion 
of the coffee, the caffeine and mineral matter bear the same relation 
to the total extract, Tatlock and Thomson conclude that these 3 
extracts are equivalent to 17, 27 and 57% respectively of dry coffee. 

According to Allen, notable proportions of tin and copper have been 
detected in coffee extracts and essences. 

It niay be interesting to note that Clayton {Analyst, 1897, 22, 172) 


68o 


CAFFEINE, TEA AND COFFEE, 


has estimated the caffeine in ii samples o( coffee infudon supplied in 
London Coffee-palaces/' He found proportions ranging from 0.014 
to 0.039%, ^ mean of 0.026%. A 10% infusion of coffee yielded 

0.12%. Hence the strength of the infusions examined ranged from 
I to 3 parts of coffee per 100 parts of water. 

Kola. 

The Gourou or Kola-nut, from a tree belonging to the family 
SterculiacecBj is chewed and used for preparing a beverage m Western 
Africa, by the negro inhabitants of the West Indies, Brazil, etc. 

Kola-nuts are oblong, 3 forming a ball fully 2 in. in diameter, and 
resembling a very large horse-chestnut. Those imported from Trini- 
dad and the West Indies are often not much more than half this size. 
The individual nuts have a rugged, dark brown surface. Inside they 
are light brown, becoming rusty on exposure, and tough as wood. When 
fresh the taste is first sweet, then astringent, and finally bitter. After 
drying the bitterness diminishes. 

Various other African plants yield seeds closely resembling the true 
Kola. Of those used to adulterate Kola, only two, according to the 
analyses of Heckel and Schlagdenhauffen, contain caffeine, viz.. Cola 
Ballay nut, 1.05%, and Cola Gaborensis, 0.26%. 

From the nut of Sterculia or Cola acuminata^ the female or true Kola, 
Heckel and Schlagdenhauffen (Pham. 1883 [Hi], 14 , 584) 
obtained the following products: 



Caffeine, 

*•348% 

Extracted by 

Theobromine, 

0.023% 

Chloroform: 

Fats, 

0.585% 


Tannin, 

0.027% 


Tannin, 

1.591% 

Extracted by 

Kola red, 

1.291% 

Alcohol: 

Glucose, 

*•875% 


Salts, 

0.070% 


Starch, 

33-754% 


Gum, 

3-040% 


Colouring matters. 

2-56*% 

Undissolved: 

Proteins, 

6.761% 


Cellulose, 

29.830% 


Ash, 

3-325% 


Water, 

11.919% 
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Uffelmann and B’dmer [Zeii. angew.,Chem., 1894, 71, 710) gWe t\ie 
following mean composition of 10 samples, ranging in price from 
4/- to 20/- per lb. 


Water, 

13-35% 

Total nitrogen. 

1-53% 

Protein, 

5-91% 

Caffeine and theobromine, 

2.08% 

Ether extract, 

1-35% 

Starch, 

45-44% 

Tannin, 

3-79% 

Cellulose, 

7-01% 

Other nitrogen-free extractive matter, 

18.21% 

Mineral matter, 

2.90% 


Knox and Prescott (/. Amer. Chem. Soc., 1897, 19, 63) have 
estimated the moisture and the total alkaloids, free and combined, 
in I sample of dried and in 4 samples of fresh kola seeds. They con- 
sider that discrepancies in analyses published hitherto are to be 
attributed to incomplete liberation of the caffeine from its state of 
combination and to faults in the method of estimating the alkaloid. 
They employed Gomberg’s volumetric method for estimating the 
caffeine (page 612). 

The following table shows their results: 




Fresh Kola 


Dried Kola 

Sample 

Mois- 

ture 

/O 

Free 

alka- 

loids 

/O 

Com- 

bined 

alkaloids 

% 

Total 

Free 

alka- 

loids 

% 

Com- 

bined 

alkaloids 

% 

Total 

% 

No. I. Dried Kola, mixed, 
I. 

Dried Kola, mixed, II. 
Average 

6.16 




1.859 

1.828 

1.783 

1.836 

1.809 

3.642 

3.664 

3.653 










1.843 

No. s. Fresh Kola, red and 
white seeds. Average. 

53-9 

0.534 

0.884 

1 1.418 

1.158 

1 .92a 

3.080 

No. Freih Kola, red and 
white sceds,very mouldy. 
Average. 

53.9 

j 0.569 

0.854 

1. 4*3 

1.235 

1. 854 

3.089 

1 

1 

No. 4. Fresh Kola, white 
seeds. Average. 

51. a 

0.578 

1.018 

1.596 

1.186 

1 2.08s 

3.271 

No. 3. Fresh Kola, red 
seeds. Average. 

57.3 

0.4,8 

0.693 

1.171 

1 . lao 

1.625 

a. 745 
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According to E. Knebel {Apoth. ZeiL, 1892, 112), Kola-nuts contain 
a glucoside, Kolanin, which on boiling with water, or by treatment with 
dilute acids, splits up into caffeine, glucose, and Kola-red, Ci4Hi3(OH)5. 
This last product is an extremely unstable substance, taking up oxygen 
during the drying of the nuts, with separation of water and formation 
of gallotannic acid, 

Knox and Prescott {loc. cit.), however, are of opinion that kolanin 
is really a mixture of the tannates of caffeine and theobromine. An 
artificial tannate of caffeine prepared by them closely corresponded 
in ultimate composition and in physical and chemical characteristics 
with kolanin from natural sources. Moreover, sterilisation, although 
inhibiting the formation of Kola-red, did not interfere with the libera- 
tion of the alkaloids. Hence they conclude that there is no evidence 
that Kola-red and caffeine are joint products of the hydrolysis of a 
glucoside. Perrot and Goris {Phartn. /., 1908 [fv], 26, 31) 
regard kolanin as a mixture of kola red and caffeine. They state that 
it is not glucosidal and cannot be regarded as a definite constituent of 
Kola. 

Goris and Chevalier {Pharm. 1908 \iv]j 26, 31) have isolated a 
phenolic substance, kolateirty CgH^O^, from fresh Kola seeds, as small 
colourless crystals m. p. 148®, slightly soluble in water and readily soluble 
in alcohol, acetone and ethyl acetate. The yield obtained was 0.75% 
of the fresh seeds. Under suitable conditions of oxidation it yielded 
Kola-red. Kolatin is stated to be to a certain extent antagonistic 
physiologically to caffeine and hence the seeds, sterilised before drying, 
have an action different from that of the dried seeds in which the 
kolatin no longer exists, it having been converted into Kola-red. 

Tschirch and others have pointed out that the formation of Kola-red 
is due to the presence of a ferment in the fresh seeds and that steriliza- 
tion by heating at 80® for 30 minutes prevents the development of the 
coloured substance. 

Goris {Bull. Soc. Pharm., 1911, 138) has also detected a second 
phenolic substance, kolatein (m. p. 257-8°) resembling phloroglucinol 
in some of its properties. 

Theobromine is present in kola seeds in small amount. Knox and 
Prescott found it averaged about 1.5% of the mixed alkaloids. Accord- 
ing to Dekker {Schweiz Wochenschr., 1902, 40, 569) the proportion is 
much higher in Kola leaves. From young leaves he obtained 0.15% 
of alkaloids which proved to be a mixture of caffeine and theobromine 
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in the ratio of i of the former to 2 of the latter. Polstorff found 0.25% 
of betaine in kola nuts {Chem. Zentr.y 1909, 2, 2014). 

Monaron and Pcrrone state that powder and extract of Kola-nuts 
have a far greater power of diminishing the elimination of phosphates 
and nitrogen than caffeine alone has. Kola-red has a diminishing 
influence, but both it and caffeine act better in their natural combina- 
tion than separately. Caffeine has a diuretic action, whereas Kola is 
anuretic. The drug prevents waste 'of brain as well as of muscular 
tissue. ' 

False Kola, Male Kola, or Kola Bitter, is the seed of Garcinea 
koldy a plant of the family of the Gutti/em growing in Liberia and Cen- 
tral Africa. On extracting the seeds with chloroform, ether, and alco- 
hol, no caffeine is obtained, but only resins. One of these gives a 
violet colouration with ferric salts, while the other is dextrorotatory 
and precipitated by tartar emetic and basic lead acetate. The physi- 
ological action of the extract of kola bitter is attributable to these 
resins. 


Guarana. 

This product occurs in the form of cylindrical masses about 30 mm. 
thick and 10 to 30 cm. long. It is an indefinite mixture of various 
materials, of which the seeds of Paullinia sorbilis appear to be the only 
constant and characteristic ingredient. It is prepared by the Guaranis, 
a tribe of half-savage Indians on the upper Amazon. Its only interest 
is as a source of caffeine, of which is contains a notable proportion. 
Stenhouse obtained 5.04%, and F. V. Green 5.05%. E. R. Squibb 
found 4.83% {Ephemeris, 2, 615). J. H. Feemster {Pharm. /., 1882 
363) obtained from 3.9 to 5.0% of caffeine from 5 samples of 
guarana. The alkaloid is readily isolated in a state of purity by boiling 
the substance with water and litharge for some hours, or until the liquid 
is colourless and the deposit settles readily, concentrating the filtered 
liquid, and agitating with chloroform. M. Nierenstein (Ann. Prop. 
Med. Parasit.y 1910, 4, 115) described a new alkaloid, ^-giiaraniney 
obtained from the seeds of P. trigonia, a variety of guarana used as a 
remedy against diarrhea in Brazil. • The formula ascribed to ^-guara- 
nine is C40H47O21N4 and Nierenstein was unable to detect caffeine in 
Ihe guarana examined by him. 
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A valuable historical and descriptive account of guarana is given 
by P. H. Marsden (Ann. Trap. Med. Parasit.y 1910, 4, 105). 

Guarana is official in the United States and many of the Continental 
pharmacopoeias. The United States Pharmacopeia requires that it 
shall yield, when assayed by the official process, not less than 3.5% of 
its alkaloidal principles. 



COCOA AND CHOCOLATE. 


By R. WHYMPER. 

The cacao tree, Theobroma cacaOy flourishes in warm moist climates. 
It is indigenous to tropical America, and grows freely there under 
cultivation. 

The chief centres of cocoa-growing are Mexico, the Isthmus of 
Panama, Trinidad, St. Lucia, Cuba, Hayti, Jamaica, San Domingo 
and Guadeloupe; in South America, Venezuela, Columbia, Ecquador, 
Peru and the northern part of Brazil, especially Para, arc of importance. 

The cacao tree has been successfully naturalised in the Philippine 
Islands, Java, Celebes, Amboyna, in Ceylon and parts of Africa and 
Australia. 

Although the cocao seeds from different districts vary considerably 
in appearance and flavour, they do not present any sharp distinction 
in chemical composition. It is of importance to note, however, that 
the various processes practised in the different districts between the 
time of plucking and shipping are entirely responsible for the develop- 
ment of the aroma, the freedom of tlie seeds from earth, clay, etc., the 
moisture content, and other properties which are of economic impor- 
tance to the buyer, and which cause tlie beans from each district to 
have a different market value. 

The fruit of the cacao tree contains from 25 to 40 almond-shaped 
seeds closely packed in a mucilaginous pulp. 

The seeds or beans are separated from the pulp and subjected to a 
period of fermentation, either in the pulp itself, which starts fermenting 
in 24 hours, or else the seeds are packed into tubs, where, with their 
natural moisture and the small quantity of pulp adhering to them, they 
are allowed to ferment for 60 hours. The temperature generated 
during the normal progress of fermentation is, of course, a variable 
one in different districts, but in Jamaica it is considered a good fer- 
mentation when a gradual rise of temperature from 30® to 43®, extend- 
ing over 3 days, is maintained. 
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The results of fermentation seem to be a little doubtful, though the 
practical benefits to be attained are, the conversion of the harsh red 
colour of the bean to a rich chocolate hue, the hardening of the shells, 
and the modification and improvement o( the odour and flavour. 
Examination and analysis show that during the alcoholic fermentation 
of the sugars of the pulp, sufficient heat is generated to bring about 
hydrolysis of some of the bitter and astringent matter of the bean; at 
the same time a certain amount of mineral matter, chiefly potash and 
phosphoric acid, is removed in the liquid diffusing from the fermenting 
bean (J. H. Hart, “Cacao,” 1900, 106, and A.Preyer, “Der Tropen- 
pflanzer,” 1901, 5). 

The fermented beans are then dried in the sun or by artificial heat, 
when they are ready for exportation. 

Some cacaos, after or during drying, are coloured with red earth 
or clay to improve the appearance. This treatment is obviously 
accompanied by increase in weight. 

The process of roasting to ‘which the beans are next subjected is one 
of great importance and takes place between 130 and 140°, a temper- 
ature below that used for roasting coffee. 

During roasting, the aroma is developed, water and acetic acid are 
expelled, the astringent properties are modified and the husk of the 
bean, which represents 8 to 14% of the entire seed, is rendered more 
friable, and in a condition to be readily removed. 

N. P. Booth and others (Analyst, 1909, 34, 137) give the following 
tables illustrating the changes which take place in the bean during 
roasting. 


TABLE I. 


Constituents 

Grenada bean (with shell) 

Trinidad bean (without 
shell) 

Raw. % 

Roast, % 

Raw,% 

Roast, % 

Moisture 

6.33 

3-10 

6.67 

4.45 

Fat 

46.50 

46.96 

54.60 

55.70 

Nitrogen 

1 .96 

1.86 

a . a8 

3.3a 

Fibre 

3 *60 

3.90 

3.45 

3,48 

Total ash 

2.86 

3-13 

3.87 

2.73 

Siliceous matter 

0. 10 

0.12 

0.03 

0.08 

Soluble ash 

1.26 

1.44 

0.94 

0.95 

Alkalinity as K }0 

0.68 

0.75 

0.4a 

0.43 

Cold-water extract 

13.50 

I a. 90 

13.73 

13.00 
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The figures bear out the author’s experience, though occasionally a 
diminution in the fat content is found, if the beans have been fiercely 
or too long roasted. 

The roasted bean is cooled as rapidly as possible, being constantly 
stirred to prevent tire self-contained heat from spoiling the roast. 
When thoroughly cool the beans are passed through a “nibbing” or 
“kibbling” machine, which cracks the shell and frees the kernel, 
which by a process of winnowing and sieving is separated from the 
husk, and falls into receptacles according to its size. Crushing, mix- 
ing with sugar, flavours, etc., refining, blocking off and other details 
of chocolate manufacture follow this process but cannot be dealt 
with here. (Dr. Paul Zipperer, “The Manufacture of Chocolate,” 
1902, also Auguste Jacoutot, “Chocolate and Confectiqnery Manu- 
facture.” Whymper, “Cocoa and Chocolate,” 1912.) 

An extremely large number of analyses of raw and commercial cocoas 
have been made, and, as it is essential that the source from which the 
cocoa came should be kno^vn, all analyses of unnamed specimens have 
been excluded. The following analyses of commercial raw cocoa, 
after removal of the husk, are by Eastes and Terry {Pham. 
1885 [m], 15, 764). 


Kind of cocoa 

Moisture 

Vo 

Fat 

% 

Theobro- 
mine, So 

Ash 

% 

HaPOi 

% 

Caracas 

4-75 

S 3 . 6 s 

1 .08 

3.76 

1.36 

Carupano 

Grenada 

504 

47.38 

0.87 

3.69 

1-39 

5 59 

47.13 

1 .43 

2.81 

0.91 

Guayaquil 

3.68 

S 3. 97 

1.74 

3.38 

0.8s 

Para 

4-39 

57.07 

1 .00 

3.09 

1.30 

Surinam 

a.SS 

S 3 . 70 

1.43 

3.44 

0.8s 

Trinidad (common) 

5 -^2 

45.71 

1 . 05 

3.79 

0.89 

Trinidad (St. Antonio) 

4.73 

53.57 

1.94 

3.70 

I. IS 


Ridenour {Atner. J. Pham., 1895, 67, 207) has published a series 
of analyses, of raw and roasted cacao beans, which do not agree with 
observations made by other chemists. Although the values for fat, 
albumen, starch and ash differ so essentially from results hitherto 
obtained that they cannot be taken as representing the analyses of 
normal beans, they must not be discredited as inaccurate. 

Some of the most recently published analyses of nibs (roasted and 
shelled cocao) from known sources are those made by N P. Booth 
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{Analyst, 1909, 34, 143), and are thoroughly typical of cocaos from 
which the husk has been removed as far as possible by mechanical 
means. The second table shows the analyses of the husk separated 
from several of the varieties of the nibs. 


ANALYSES OF NIBS (BOOTH). 


Constituents 

Alrican 

% 

Grenada 

% 

Guayaquil 

Trinidad 

% 

Caracas 

% 

Bahia 

% 

Ceylon 

Total mineral matter... 

a.sa 

a. 60 

3.16 

3.73 

3.34 

a. 68 

3.8t 

Soluble mineral matter. 

0.98 

1.04 

1.33 

0.95 

1.58 

t .aa 

X .66 

Siliceous matter 

0.05 

0.03 

0.04 

0.08 

0.08 

0.05 

0.03 

Alkalinity of mineral 

, 0.38 j 

0.55 

O.S3 

0.44 

0.74 

! 0.51 

0.67 

matter as KiO, 

Cold water extract 

! ...80 

9.80 

11.40 

1 a ,00 


9.50 

I 1.98 

j 44-40 

ti .90 
3.44 
50.20 
3.36 

Nitrogen 

1.84 

1 50. ao 

a . 36 

2.33 
55.70 
a .48 

i 

Fat 

50.80 
a. 94 



Fibre 









ANALYSES OF HUSK (BOOTH). 


Constituents 

African, % 

Guayaquil %, 

i Ceylon, % 

Total mineral matter 

5.63 

8. 19 

6.61 

^luble mineral matter 

3. S3 

5.35 

4.78 

Siliceous matter 

1.79 

» .45 

t .00 

Alkalinity as K :0 

3.63 

3.36 j 

3.54 

Cold water extract 

30.40 

34.60 1 

ao. 70 

Nitrogen 

3.91 

3.13 

a .40 

Fat 

3.50 

5.90 

3.10 

Fibre 

15.70 i 

13.85 

I a. 80 


These tables show the content of such constituents as will enable 
the chemist to detect the presence of husk among the nibs, and include 
the analyses of nibs and husk as far as will be found usually necessary 
for practical purposes. It may, however, be required to analyse the 
bean more completely, when the following table will be found useful 
for reference: 
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Cocoa-essence, -extract, -powder, etc. 

The definition of cocoa-powder as adopted by the Union of German 
Chocolate Manufacturers is “The product obtained after pressing out 
a portion of the cacao butter from roasted and shelled cacao beans. 
Soluble cacao is prepared by treatment with alkalies, steam pressure, 
water, or by some other suitable process.” 

The following table shows the analyses of several well-known 
bfands of cocoa powders, made by different investigators: 

The points of importance for the analyst to observe in investigating 
the purity of cocoa powders are the presence of husk, the alkalinity 
of the ash (due to the treatment of the bean with alkalies in the prepara- 
tion of so-called “soluble” cocoas), and the presence of added starch 
and sugar. 

The relatively large amount of cocoa fat in the cocoa bean renders 
the latter too rich and indigestible for consumption by persons suffering 
from gastric affections. This circumstance has caused a demand for 
preparations of cocoa containing less fat — an end which is obtained 
by expressing a quantity of the fat from the nibs by heat and pressure, 
the resulting powder being known as cocoa-powder, -essence or 
-extract. Cocoa-powder particularly lends itself for adulteration to 
the unscrupulous manufacturer who is able to add powdered husk — 
a bye-product of little nutriment and value — starch and sugar, and 
to sell the mixture as pure cocoa-powder. Such adulterations can, of 
course, be readily detected by analysis, the methods for which are 
described later. 

There are, however, many nourishing cocoa-powders on the market 
which contain selected arrowroot and other starches, with or without 
the addition of sugar, though they cannot be said to be adulterated but 
rather improved by the addition. Such as these, provided that they are 
not sold as pure cocoa-powder, and that the presence of added starch, 
sugar, etc., is clearly notified on the package, are bought by the public 
with a full knowledge of what they contain. ^ 

So-called “soluble” cocoa-powders are now in considerable demand 
and are the result of cocoa so treated with alkalies that they are readily 
miscible, in the form of an emulsion, with water or milk. (J. M. 
Albahary, Ann. Falsi/., 1910, 3, 159-165.) 

* Ei^’ cocoa ^Uina 40% cocoa. 16% We*t Indian arrowroot, 44% sugar. (Evidence 
gtven m case of "Gibson v. Leaper.’’) 
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To give cocoa this character, it is subjected to treatment either in 
the raw or roasted state, with or without the partial removal of fat: 

a. By means of water and heat, with or without pressure. 

b. With alkalies such as potassium and sodium carbonates, mag- 
nesium carbonate (Dutch method), solution of ammonia or ammonium 
carbonate (German method), or weak solutions of potassium or sodium 
hydroxides. 

The treatment of the bean with the fixed alkalies^ can readily be 
detected by the increase in the quantity and alkalinity of the ash. 
Treatment by the German method is more difficult to detect. 

The following are the results of the analyses of 4 cocoa powders 
e.xamined by Stutzer (Zeitsch. angew. CJtem., 1891, 368) for the pur- 
pose of determining the effect of the process of manufacture on the 
chemical constituents. A. was composed of 40% Ariba, 40% Machala, 
and 20% Bahia cocao, and was manufactured by Wittekop & Company 
without the use of chemicals. B. is a sample of a well-known cocoa 
manufactured in Holland with the addition of potassium hydroxide.^ 
C. and D. are German cocoas, which, in Stutzer’s opinion, were prepared 
by the use of ammonia: 



A.% 

u. % 

c.% 

D, % 

Water ’ 



6.56 

5 . 41 


.1 U 

38.63 
30.84 
37. 83 


} 37.48 

39.99 

36.06 


19.88 

30.93 

19 ?5 

Fat 1 

33.85 

A.sh* .1 







S • 4 ^ 

i 

100.00 

100.00 

100.00 

100,00 

‘ Nitrogenous substartces. ! 

Containing total nitrogen 

Composed of: 

Theobromine 

Ammonia 

3.68 

1.93 
0.06 
t . 43 

3-30 

1-73 

3.9s 

1 . 98 
0.46 1 

3.57 

1.80 

Amino-compounds 

? 3 S 

1 .31 
7.81 

Digestible albumen 

! 10.35 

7.18 

7 !68 

10.50 

7.68 

Indigestible nitrogenous substances 


8 . 00 

(Containing nitrogen 

».i 5 

31.30 

1 1.47 

I ! 28 

Proportion of total nitrogen indigestible 

' 44 . 50 

3J . 30 

35.80 

« Ash. 1 

ConUining: Total P .Os 

PiOt soluble in water j 

Ratio of total P2D,s to soluble ! 

Ash soluble in water i 

Ratio of total ash to soluble , 

1.85 
1.43 
! 100:77 

1 3-76 

I 100:74 

i 

1 3.5a 

1 0.50 

! 1 00 : 1 9 

1 476 

100:57 

3.14 

0.74 

100:34 

3.83 

100:54 

3.05 

0.77 

100:37 

3 . 76 
100:49 


' (Am. Ed.) In the United States the addition of alkali is permitted as long as there is 
no excess in the finished product. It would only seem possible to determine this by the use 
of indicators as deductions based upon the alkalinity of the soluble ash would have to take 
into account, first, the alkalinity of the natural ash, which varies; second, the added alka 
Unity due to alkali used to 'neutralise resins, etc. Litmus paper probably is the best indi- 
cator to use. 

* An analysts of the ash of Van Houten’s cocoa by Konig (in 1880) showed; Total ash 
7.84: KjO, 3.53; CaO, 0.37; MgO, 0.81; PiOi, 1.84. 
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E. G. Clayton {Chem. News^ 1902, 86, 51) has made analyses of 
different samples of cocoa essences, which consist of partially defatted 
and otherwise treated cocoas. A very complete investigation into the 
component parts of the ash obtained from them has been made. 

It is often desirable to ascertain the proportion of real cocoa in a 
mixture, but owing to the fact that a large quantity of the natural fat 
has been removed this becomes a matter of considerable difficulty. 

J. Bell (“Analysis and Adulteration of Foods”) has adopted the plan 
of stating the fat and non-fatty constituents separately, and the follow- 
ing analyses made by him represent the composition of certain com- 
mercial preparations of cocoa: 



Finest 

■ Cocoa 

Flake 

' Cocoa- 

! Prepared 

j Chocolat 


nibs 

extract 

cocoa 

1 tina 

i cocoa 

I de Sant 6 

1 

Moisture 

2 .60 

5.76 

5-49 

3-52 

1 

1 4.95 

1.44 

Fat 

i SI. 77 

i 29., 50 

38.24 

2.3. 98 

1 34.94 

22,08 

Added sugar 

! Nil 

Nil 

Nil 

Nil 

1 2.3. 0,3 

61.21 

Added starch 

1 Nil 

' Nil 

Nil 

Nil 

1 19.19 

2.00 

Non-fatty cocoa (by dif- 

i 45-6,1 

64.74 

66.27 

73.50 

27.89 

13.37 

ference). 





1 


Nitrogen 

' 3-9$ 


3.06 

4.07 

1 3.24 



“Chocolate-surrogate” or “suppen powder” will occasionally be 
met with, consisting of a small quantity of cocoa with cocoa waste, 
sugar, meal, spices and colouring matter in varying quantities. 

“Cocoa tea” of Germany and “miserables” of Ireland are inde- 
pendent articles of commerce and consist of cocoa husks only, the 
infusion of which in boiling water is drunk after the mamier of tea. 

Chocolate, Milk Chocolate and Preparations of Chocolate. 

In its simplest form, commercial cocoa consists of the roasted and 
husked seeds (“nibs”) ground to a paste or semi-fluid, and run into 
moulds in the form of cakes. Flake chocolate is met with and is made 
by passing the decorticated seeds through a particular form of roller sets. 
Such cocoas are frequently termed “bitter chocolates” or “base.” 

The terms “cocoa” and “cocoa-powder” have been applied to 
mixtures of real cocoa with sugar. Such a mixture, in order to avoid 
misconception and confusion, should be termed “chocolate.” 

“Chocolate” is defined by the Union of German Chocolate manu- 
facturers as a “mixture of roasted and shelled cacao with sugar (cane 
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or beet-root) and an addition of cacao butter, vanilla, vanillin, cinna- 
mon, cloves and other spices or their essential oils ” 

The process of converting “bitter” chocolate into what is known 
as “chocolate” is of little interest to the analyst, as it does not involve 
any change in chemical constituents of the “base,” the only changes 
being those of addition, while the actual process is purely mechanical.^ 
The quantities of materials added to bitter chocolate or “base” 
depend upon the quality and nature of the resulting chocolate required. 

The following analyses by N. P. Booth {Andy sty 1909, 34, 145) 
show a few of the variations that may occur: 


Constituenta 

% 

! n 

% 

Ill 

% 

ly 

% 

V ! 
% 1 

yi 

Vi» 

Pat 

Sugar j 

34.60 ! aa.io 
46.00 ' S4.00 1 
0.86 ' 0.9a 

1 . 45 1.32 1 

28.10 

52,30 

I.I4 

r.50 

58.20 

! 25.90 

48.00 1 

23.00 ' 

56.00 1 

30.70 

1 44-00 

Mineral matter j 

Cold water extract ' 

1.04 

I .ot 

1.96 

Moisture 1 

1 

! 

1.80 

I s • 00 
Arrowroot 
10.00 

1 8.70 

0.80 1 

8.00 
Wheat 

13.00 

10.00 

I . 30 

30.00 

Maize 

8.30 

16.60 

Foreign starch 

Character of starch 

Nil 

Nil : 

i ; 

Fat-free cocoa matter 




Fibre (calculated on fat-free i 
cocoa matter). 




1 

1 ! 



The first 3 columns arc analyses of chocolates free from foreign fats 
and starches; the latter 3 are of chocolates containing foreign 
starches; while VI also shows a high ash due to the presence of added 
red ochre. 

Among other starches, wheat, barley, maize (cornflour), rice, sago, 
and arrowroot are frequently to be found added to chocolate: there arc 
also many cacao-butter substitutes now on the market which from their 
cheapness or hardening qualities are much in demand. Methods of 
detection and analyses of these fats are fully described later. 

Besides sugar, saccharin is used as a sweetening agent, though only 
for diabetic chocolates, as it is expensive and does not give weight in 
proportion to its sweetening qualities. Chestnut, bean and acorn 
meal are variously added on occasions for flavour, and their presence 
can be detected under the microscope. 

Vanilla, vanillin, cloves, cinnamon, nutmeg and mace, cardamons 
and various essential oils are principally used for flavouring purposes. 

Salep, an amylaceous powder from the tubers of various kinds of 
orchids, is but little used now for its flavour. 

» A. Jacoutot (“Chocolate and Confectionery Manufacture"), P, Zlpperer (" Manufacture 
ci Chocolate," *d Ed., igoa), Whymper (“Cocoa and Chocolate," igia). 
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The addition of milk in the powdered or condensed form to ordinary 
sweet chocolate has become extremely popular with every chocolate 
manufacturer, and is in much demand by the chocolate-eating public 
for its smoothness and softness to the palate. Such an addition, 
however, considerably complicates the analysis by increasing the 
nitrogen, and introducing fresh varieties of sugar and fat. 

As no other reducing sugar is likely to be used in chocolate-making, 
the presence of milk may be inferred from the reducing power of the 
cold water extract, and after allowance has been made for the reducing 
power of the cold water extract of genuine cocoa can be estimated by 
this means. 

The analyses of milk chocolate given here are by N. P. Booth 
{Analyst, 1909, 34, 145): 


Constituents 

1 i,% 

: 11. % 

' III. % 

! 

j IV. % 

V. % 

VI, % 

Cocoa fat i 

27.40 i 

31.60 

... 

25.70 

23.40 

27.70 

23.50 

Milk fat i 

8.,?o ! 

3.00 

7.60 

8.10 

5 . 70 

8.40 

Milk-sugar 

1 1 . to 1 

5.00 

to. 40 

9.00 

7-50 

5.50 

Cane or beet sugar 

3910 1 


38.40 

43.70 

43.00 

€ 0.30 

Foreign starch 

Nil 1 

Nil 

Nil 

Nil 

Nil 

Cocoa shell 

Nil 1 

Nil 1 

Nil 

Nil 

Nil 

Nil 

Nitrogen 

x.io 1 

0.76 I 

1.68 

1.38 

1.30 

I. to 


The first 3 are analyses of English, the latter 3 of Swiss and German 
milk chocolates. 

A further scries of analyses of milk chocolate have been made by 
0. Laxa {Zeitsch. Nahr. Genussm., 1904, 7 , 471), a few of which are 
given below: 


Constituents 

Peter's 
Gala, % 

1 Peter’s Cro- 
j quettes, % 

, Suchard’s 
Milka, % 

Cailler’s Cro- 
quettes, % 

Moisture 

0.77 

X.79 

X .33 

2.36 

Total protein 

9.66 

9. IS 

8.13 

10.94 

Pat 

31-47 

31.91 

32.33 

31.1a 

Milk-sugar 

7-32 

7.42 

8.70 

7.84 

Cano or beet sugar 

27.51 

39.42 

35.93 

33.68 

Ash 

X.87 

1.96 

1.83 

3.38 


In nut chocolate, ground hazel nuts or almonds, usually roasted, 
take the place of the milk solids in milk chocolate, and, beyond the 
necessary amount of sugar, the balance should be supplied by the 
product of the cocoa nib. 
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Component Parts of Cacao Beans. 

Husk (i2“i 8% of Whole Bean). — The shells or husks from the 
cacao bean are used for making cheap chocolates either per se or 
by addition to cocoa nibs. They have also found a use as cattle food.^ 
For this latter purpose many analyses or valuations have been made, 
of which the few following are selected from those most recently 
published: 


Constituents 

1 

! II.*% : 

: 1 


iv.»% 

! V," % 

1 VI, 7 % 

1 

Water 

1 1 

i 

i 3 -JO 

7.35 

1 S-ia 

1 12.93 

6.93 1 

j 


i 


Pat 

3.6 



4 ' 33 

Ash j 

5.7 1 

j 6.46 

i 8 ’26 

10.30 

Proteid ! 

Fibre 

14.69 1 

J 6 . 3-1 1 

1 16.44 ! 
1 13 - 17 ' 

12.8 

M.05 

.i 18 . Hi 1 

' IJ.8S 

13.69 

16.71 




Fibre (12-18% of Husk). — The quantity of cellulose present in a 
cocoa is a guide to the extent to which husk has been included. Fincke 
(Zeitsch. Nahr. Genussm., 1907, 13, 265) has published the following 
information: 


Constituents 


i 


Cocoa husks, 


Cocoa powder, % 


Crude fibre. 
Cellulose. , . 
Lignin 


20.31 9,28 

I 3 •.'I? 

9.93 0.24 


These figures are, however, in excess of those usually found. 

The analyses made by Ludwig (Zeitsch, Nahr. Genussm., 1906, 12, 
153) of known mixtures of husk and cocoa show to what extent the 
fibre (estimated by a modified Konig's method) varies with the quantity 
of husk present. 

Six samples of cocoa powder gave 4.98 to 5.96% (average 5.60%) 
of crude fibre, calculated on fat-free material; the quantity of fat 
present in the samples was 25.05 to 27.92%. giving an average of 

25-78%. 


(Am. Ed.) In the United States experiments have been made to utilise the shells but 
with resets that are not very encouraging. To the writer's personal knowledge, they have 
DeCT tried lor cattle feeding, but only small proportions are tolerated in the rations. They 
excellent dressing for the soil but they would not bring much for this purpose in 
edition to hauling, etc. Shells are of value for extracting ‘‘Dutch I la" cacao butter, 


* Paris (Z#tnc/». Nahr. G 0 nusfm., 1898, 6, 389). 

at' a* Rfp. on Experimental Farms (Canada), 1898, isx). 

« T. Dekker (Chem. Zentr.. 1002, a, 1 317). 

' V' Euhng (ZeUsch. Nahr, Genussm., 1905, 263). 

Smetham (J. Royal Lancs. Agric. Soc., 1909). 

>perer {Untersuch. aber Cacao und dessen Prdpa 


•A. 
^Zipperer 


i dessen Prdparate, 55), 
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The sample of cocoa husk contaiacd 3.08% fat and 14.47% crude 
fibre. • 

A mixture of equal parts of the above-mentioned 6 cocoas was then 
made, to which varying proportions of husk were added. The follow- 
ing results were obtained: 

I Fat j Crude Sbre found I 


Cocoa 

25-78 

5-50 

5.60 

Cocoa -f 5% husk i 

2.4.37 

6.03 

6.:6 

Cocoa ■+• 10% husk 

24.00 

6.39 

6.71 

Cocoa + 20% husk 

21.44 

8.06 

7.79 

Cocoa + 40% husk 

16.62 

10.18 

9.74 

Cocoa -f 60% husk 

12.04 

11.72 

11.48 

Cocoa 4 - 80% husk 

8.26 

13.28 

13.04 


The fibre, which is present in the cacao husk and other fibrous 
tissues in intimate association with sugar compounds, such as pen- 
tosans, is capable of being estimated by determination of the quantity 
of the latter. 

Many chemists have given attention to the estimation of pentosans 
in cocoa during recent years and the following table compiled by R. 
Adam (7th Internal, Cong. App. C/icw., VIII, C, 194) is a fair sample 
of the results obtained: 


Pentosans 


Nibs ! Shells 



Mois- 

ture 

Fat 

Starch 

Ash 

Cellu- 

lose 

Initial 

sub- 

stance 

Powder 
with ?o 
% fat 

Dry 

sub- 

stance 

Sub- 
stance 
with 10 
% mois- 
ture 


8.27 

45.15 

50.07 

5 . 83 ' 3.88 

4.48 

i. 7 » 

2.79 



Ariba, roasted 

8.5. 

9. 10 

3 89 

3-70 

1 . 29 

2 . 19 

9-97 

9.11 

Port au Prince 

Port au Prince, 
ro,asted. 

Port au Prince, shells 

7-77 4 f >.35 
4 . 73 ! 5 » -87 

S. 97 | 4 - »5 
8.40:3 .49 

5 - >9 

4.31 

1.59 

1.37 

2.60 

X.99 

7.57 

6.92 

San Thom6 

San Thom6, roasted. 

8.0S 

5 - 7 . 

.j6 . 6 1 

50. 20 

5 . 69*4 . 28 
13 . 27 3 .89 

4.43 

4-33 

1-43 

1.45 

3.34 

2-57 

8.49 7.92 

Caracas 


5 4 « 4 . 9 J 

6.18 

1.56 

2.71 



Caracas, roasted 

P.'irnnm cVinMfi 

7.48 

49.24 

9 . 85 ; 3.92 

4.24 

1. 19 

1.86 

7.7.8 

7.11 

Bahia 

5.96 

3.71 

42.10 

50. 19 

7.53 

3 . 63 

7-86 

2 . 19 

3 - 14 



Bahia, roasted 

9.61 

3.24 

3-93 

1.77 

2.73 


8.70 

shells. ....... 






9.45 

Soconusco 

2.95 

5.00 

48.38 

50.22 

8.33 

3.21 

3-34 

2.59 

2 .60 



Soconusco, roasted . . 
Soconusco, shells. . . . 

9.58 

3.76 

3-78 

1 . 21 

2 .06 

10.53 

9.51 

Average 

6.43 

44.4 

8.22 

4.00 

4.78 

1.53 

1 a. 47 

9.96 

8.21 
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Ash (7-16% of Husk). — The ash obtained by burning the husk 
has been the subject of much analysis, and, though it depends largely 
upon the source of origin of the bean and the treatment to which it 
was there subjected, the following analysis of ash from a Trinidad 
sample gives a fair idea of the constituents (R. Bensemann, Repert. 
der analyt. Chemie, 1885, 5, 178): potassium oxide (K3O) 25.87; 
sodium oxide (Na^O) 2.73; calcium oxide (CaO) 5.10; magnesium 
oxide (MgO) 5.21; ferric oxide (Fe^Oj) 0.34; aluminium oxide (Al^O,) 
0.71; silica (SiOj) 2.42; phosphoric anhydride (P3O5) 4.70; sul- 
phuric anhydride (SO,) 3.40; chlorine (Cl) 1.02; carbonic anhydride 
(COj) 16.29; water 2.26; oxygen (O equivalent to chlorine) 0.29. 

Duclaux {Bull. Soc. Chim.^ 1872, 33) found small quantities of 
copper in the ash after burning cocoa. Galippe ( 7 . Pharm.y Chim.y 
1883 [^/], 7, 506) confirmed this later, finding quantities of this metal 
varying from o.oi to 0.03 grm. per kilo of cocoa. The greater part of 
the copper existed in the husk, and in some inferior chocolates as large 
a proportion as 0.12 grm. copper per kilo of cocoa was present. 

The other constituents of cocoa husk, namely, fat, cocoa-red, 
alkaloids, tannin and other astringents, are either of no importance 
to the analyst or will be considered under cocoa nibs, which contain 
them in greater quantity. 

Cocoa Nibs (82-88% of Whole Bean). — Cocoa nibs contain, in 
varying quantities, water, starch, protein matter, cocoa-red, theobro- 
mine, fat, grape and cane-sugar in small quantities, fibre, and mineral 
matter. 

Starch (4-13% of Nibs). — Cacao starch is one of the smallest 
kinds that appear in the vegetable kindgom. It usually consists of 
minute globular granules, generally separate but sometimes in aggrega- 
tions of 2 or 3 granules. In common with other starches it is gelatin- 
ised by boiling water and shows the blue colouration with iodine 
solution. 

Protein Matter (10-17% of Nibs). — The protein-matter is 
present in the bean mainly as globulin and is found in larger quantity 
in the unfermented than in the fermented bean. 

Forster’s {Hygienische Rundschau^ 1900, 10, 305) experiments on 
the digestibility of cocoa powder in the human stomach showed that 
80% of the nitrogenous substance was readily assimilated. 

Leffman and Beam (Food Analysis^ 1901, 275-282) state that the 
nitrogenous constituents are of 3 kinds: 
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1. Non-protcins not precipitated by hydrated copper oxide (theo- 
bromine, caffeine and amino-compounds). 

2. Digestible albumens, insoluble in water in presence of hydrated 
copper oxide, but soluble when treated with acid gastric juice and 
alkaline pancreatic extract. 

3. Insoluble and indigestible nitrogenous matter. 


1 !■ % 

II. % 

III. % 

NitroRcn as soluble compounds (alkaloidal) 

• 31.43 

26.9s 

29.79 

Nitrogen as digestible albumen 

...| 33.34 

40.61 

22.62 

Nitrogen as indigestible matter 

...j 33.33 

3244 

47.83 


Cocoa-red (3-5% of the Whole Bean). — Many investigators have 
assigned the peculiar aroma and flavour of the cacao bean to this 
constituent. 

The pigment is formed as the fresh colourless bean ages and dries 
(similar to oak and kola nut red), and occurs during the decomposition 
of a glucoside cacaatiin, when theobromine, caffeine and dextrose are 
also produced. (C. Schweitzer, Pham. ZeiL, 1898, 389). 

Hilger {Apoth. Zeit., 1892, 469) has closely followed the production 
of cocoa-red during fermentation of the bean, and concludes that the 
cocoa-red isolated in the ordinary way is a mixture of pure non- 
nitrogenous cocoa-red and some glucoside. It can be isolated by 
treating the roasted beans with petroleum ether, to remove the fat and 
part of the free theobromine, tlien with water to extract the remainder 
of the theobromine, caffeine, sugar and salts, and finally with alcohol 
to extract the cocoa-red. After further purification, a substance 
termed “true cocoa-red” is obtained, having a formula Cj7Hjj(OH)i(j. 
In this form it is closely akin to tannin, which it resembles by yielding 
formic acid, acetic acid and catechol by treatment with potassium or 
sodium hydroxide. 

A. W. Blyth (“Foods, Their Composition and Analysis,” 1909, 363- 
375) states that fat-free cocoa is only partially deprived of its cocoa-red 
by solvents, unless a mineral acid has been previously added. By 
adding a few c.c. of hydrochloric acid and gently warming for a few 
seconds, the red colouring matter is dissolved with ease by amyl 
and ethyl alcohols. 

The cocoa-red is insoluble in ether or petroleum ether, but slightly 
soluble in carbon disulphide. With the aid of sodium or potassium 
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hydroxide it is easily dissolved, from which solutions it can be pre^ 
cipitated by means of mineral acids. 

Cocoa-red is a sensitive reagent to acids and alkalies; mineral acids 
turn it red with violet fluorescence, alkalies usually strike a dirty green. 

The aqueous alkaline solution is bitter and astringent and forms a 
precipitate with salts of iron, copper and silver. 

Theobromine (0.9-3. o% Nibs; o.4-2.o% of Husk) and 

Caffeine (0.05-0.36% of Whole Bean). — Both alkaloids are found in 
the unfermented and fermented beans, and the former is prepared 
commercially from the husks. 

• Theobromine is a pure white powder, sublinyng at 220®. 

Theobromine and caffeine both give the murexide reaction when 
treated with chlorine water, forming amalic acid. This, rapidly 
dried down on a watch glass with the addition of a drop of ammonia, 
at the end of the operation produces a violet colouration which readily 
distinguishes theobromine and caffeine from other plant alkaloids 
which do not belong to the xanthine group. 

The following analyses by Wolfram (Zeitsch. anal. Chem.y 18, 346) 
show the percentage of theobromine in nib and husk of various beans: 


Bean 


Theobromine 


Bean, % 


Husk, % 


Caracas 

Bahia 

Domingo 

Guayaquil 

Puerto Cabello. 


1.6.J 
1.64 
1 . 66 
1.6? 
1.46 


I. It 
o.7t 
0.56 


0.97 

0.81 


P. Traganowski {Arch. Pharm.j 1877 [in], 10, 32) found from 
1.2 to 4.6% of theobromine in cocoa and concluded that the pro- 
portion of alkaloid docs not always bear a relation to the quality and 
value of the cocoa. 

The recorded values of theobromine are very variable and untrust- 
worthy, arising from the lack of any very accurate and reliable 
means of estimation. Leffman and Beam (Food Analysis, 1901) give 
Weigmann’s figures as follows: 

Bean. Husk. 

Theobromine, 1.26 0.50 

Caffeine, 0.17 0.15 

Gum (2% of Nibs). — The gum from cocoa is precipitated by ethyl 
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alcohol from an aqueous extract of the fat-free bean. It resembles 
gum arable but is dextrorotatory. 

Cocoa Fat or Butter (45-55% of Nib, 4-5% of Husk) (Oleum 
Theobromalis, British Pharmacopeia) (see also Vol. 2, pages 71, 176). 
— Cocoa fat is a mixture of glycerides of fatty acids and contains in 
addition to stearin, palmitin and laurin, the glyceride of arachidic acid. 
It is solely extracted from cocoa beans and must not be confused with 
coconut fat from Cocos nuci/era. To prevent this misunderstanding 
it is usually termed “cacao butter.” 

It is a yellowish fat of firm consistency, of a strong cocoa flavour 
and aroma; its fracture is partly granular. • 

The degree of fermentation and roasting to which the beans have 
been subjected have important bearing on the proportion of fat that 
the bean will finally yield to solvents. The percentage of fat is inde- 
pendent of the locality whence the bean originated (Davies and 
McLellan, J.Soc. Chem. Ind., 1904, 23, 480). 

The following figures l)caring on this subject are of importance: 



Unfer- 

mented 

Mildly 

fermented 

Fully 

fermented 

Highly 

fermented 

Very high 
roast 

Very low 
roast 

Pat. %... 

54.68 

56.73 

j 57.35 

58.33 

54.0 

i 53.7 


The specific gravity of the fat is variously given. Hager gives the 
normal sp. gr. at 15° as 0.95 for fresh, and 0.945 for old butter, though 
later values for fresh butter are given as 0.96-0.98. 

Butter extracted by solvents shows a higher sp. gr. than expressed 
butter; thus Rammsberger gives 0.85 for expressed butter and 0.99 
for extracted butter. At 100° Allen gives a value of 0.86. ^ 

The melting-point is usually given at 33°, but figures varying 
from 28® to 36® are given by various investigators as the m. p. of 
cacao butter from different sources and extracted by different means. 
Old butter has undoubtedly a higher m. p. than fresh. 

White and Braithwaite {Brit, and Col, Druggist, 1897, 21) give the 
following m. p. 


Bean 

M P. 


33.6-33.9® 

33 . 0 - 33 - 3 ® 

335-33.5 

33. 0- 33. 6 

33.9-34.3 

Grenada 

Trinidad 

Caracaa 

Ceylon. 
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Generally it may be taken that the m. p. of genuine cacao butter 
should not fall below 32°, nor over 35°. 

Adulteration in cacao butter cannot be detected by the alteration 
in m. p. 

The iodine absorption of a large number of samples of cacao 
butter from different sources has been determined by Filsinger (Zeilsch. 
anal. Chem., 1896, 35, 517) and found to range from 33,4 to 37.5; this 
is the average range for genuine cacao butter. 

Strohl (Zeitsch. anal. Chem., 1896, 35, 166) obtained a fat from 
Bahia beans giving an iodine value 41.7, but this may have been due 
the beans having been over-roasted, or to the fat having been 
extracted by petroleum of high b. p. 

Shell butter has a higher iodine value of 39-40 (Filsinger). 

The saponification value, or Koettstorfer’s number, amounts to 
192-202 (Filsinger) and usually to 194-195. Its determination may 
be useful in detecting an admixture of coconut fat. Many other 
determinations of this figure show similar values (Lewkowitsch, 
Weigmann, Wright, etc.). 

The Reichert-Meissl value expressing the potassium hydro.xidc 
value of the volatile fatty acids present is of value. It amounts to 
1.6 c.c. N potassium hydroxide, if the fat is extracted from pure cocoa; 
while fat from a milk chocolate requires 2.5 c.c. (Welmans). 

The refractive index taken on a Zeiss butyro-refractometer at 
40° C. is 46-48°, and corresponds to a refractive index of 1.4565- 
1.4580 (Strohl). 

The following table shows normal figures, of cacao butter compared 
with fats which are likely to be used as adulterants, estimated by the 
writer: 



1 1 

M. P. of i 

Iodine 

value 

Saponifi- 

Refractive index on 

Fat 

j M. p. ; 

fatty 1 

cation 

Zeiss’ butyro- 



acids 1 

value 1 

refractometer 






at 40° 

Cacao butter 

30-34.5* j 

» 1 

4*-53 

34-37.5 

iga-aoa 

46-48 

Earth nut oil 


37 - 3 »* 

92-101 

190-197 

55.0 

Cotton -seed oil 

i 

38-40° ! 

106-11 1 

191-197 

58-60 

Oleomargarine 

33-33° j 

' 43-43° 

43-49 

» 95 -i 97 

45-48 

Beef tallow 

43-49° 

43-46° 

35-37 

193 -J 98 

49 

Coconut fat 

aa-aS** 

34-35° i 

6-10 

250-370 

35-5 

Paraffin 







1 


Lewkowitsch (/. Soc. Chetn. Ind., 1899, 556) gives the following 
table of constants for cacao butter: 
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Sample 

M.P. 

M. P. of fatty 
acids 

Iodine value 

Saponifica- 
tion value 

Reichert- 

Meissl 

value 

I. Sample to be 
tested. 

26.6-28.0° 

47.3-49.2° 

34.27-36.99 

191. 8-194.5 

0.38-0.94 

3. Cacao butter pre- 
pared in lab. from 
nibs. 

28.4° 


35.65 

192.9 

0.50 

3 .Genuine cacao but- 
ter kept 10 yrs. 
in a sealed bottle. 

27.0° 

I 48.0—48.27° 

36.92 

1 

1 

192.0 

0.20 

4. Genuine English 
cocoa butter (fresh) 

38-33° 

1 48.55-49.1° 

35-37 

193-5 

0.38 

5. English cocoa 
butler (another 
sample). 

28° 

48.85-49.2° 

34 . 86 

! 193.1 


6. Dutch sample 
cocoa butter (fresh) 

37.3-33° 


■ 34-55 

192.8 

: 0.83 


Sugar and Plant Acids 


Cane sugar about 1.0% j 

■ 

Dextrose about i-5% 

of Nibs 

Tartaric acid about 3.0%] 



The presence of sugar in raw cacao beans was first pointed out by 
Schweitzer {Pham. Zeit., 1898, 390). The sugar is formed by the 
action of the cocoa ferment on the glucoside cacaonin during the opera- 
tion of fermenting and drying the beans. 

Malic and tartaric acids have been observed, but neither is of special 
interest to tht; technical chemist. 

Fibre' (2-6% of Nibs).— Cellulose, -of which the greater part of 
the fibre consists, forms the chief constituent of the cell walls and 
vascular tissues. It is found in the bean with many impurities, such 
as cocoa-red, gum, mucilage, etc. 

Cocoa nibs, cocoa powders and chocolate should contain but little 
fibre, and where found in quantities exceeding 6 % its presence indicates 
either intentional adulteration of the cocoa with husk or carelessness 
in the nibbing process, which should almost completely separate nib 
from husk. 

Mineral Matter or Ash (3-4% of Nibs). — A high ash content 
indicates adulteration with husk, or treatment of the bean with alkali 

* The allowance by the U. S. Dept, of Agric. in its published ’‘Standard” is .vs%. The 
amount found in sweetened chocolate must be calculated to a fat- and sugar-lrce basis 
and thence to the nibs. 
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in the process of preparing so-called “soluble" cocoas. It may also 
indicate addition of mineral colouring earths, such as red ochre. 

R. Bensemann {Rep. /. analyl. Chemie, 1885, 5, 178) has given a 
detailed analysis of the ash from burnt cocoa nibs; the figures following 
show the mean values obtained from 5 different varieties of beans: 

Potassium oxide (K3O) 32.25; sodium oxide (NajO) 2.17; calcium 
oxide (CaO) 4.0; magnesium oxide (MgO) 16.14; ferric oxide (FcjO,) 
0.36; aluminium oxide (AljOg) 0.33; silica (SiOj) 0.19; phosphoric 
anhydride (P3O5) 31.56; sulphuric anhydride (SO3) 3.07; chlorine 
(Cl) 0.29; carbonic anhydride (COj) 6.80; water 1.94. 

« Copper has also been found in the ash obtained from the nibs (see 
under Husk Ash). 

Matthes and Rohdlich (Zeitsch. dffentl. Chem., 1908, 14, 166) found 
the soluble silica in cacao beans to vary from 0.02-0.88%. The 
alkalinity of the ash will detect the presence of added alkali; thus 
Bordas {Ann. Falsif.y 1910, 3, 61) finds an alkalinity of 2.40-3.05% 
KjO calculated on pure dry fat-free cocoa, while samples of soluble 
cocoa gave values equivalent to 4.82-6.41% K3O. 

The United States standards for cocoa, chocolate and preparations 
of the same are given in “Food Inspection Decision 136," United 
States Dept, of Agric., as follows: 

After consideration of the evidence submitted in regard to the 
meaning of the terms “chocolate" and “cocoa,” the Board of Food 
and Drug Inspection has reached the conclusion that the definitions 
laid down in the “Standards of Purity for Food Products," adopted 
by the Committee on Food Standards, Association of*Official Agri- 
cultural Chemists, and printed in Circular No. 19, Office of the 
Secretary of Agriculture, are substantially correct. By these defini- 
tions the names “chocolate," “plain chocolate," “bitter chocolate," 
“chocolate liquor" and “bitter chocolate coating" are applied to 
the solid or plastic mass obtained by grinding cocoa nibs without 
the removal of fat or other constituents except the germ, containing 
not more than 3% of ash insoluble in water, 3.50% of crude fibre, 
and 9% of starch, and not less than 45% of cocoa fat. 

Sweet cocoa and sweetened cocoa are terms applied to cocoa mixed 
with sugar (sucrose) and contain not more than 60% of sugar (sucrose), 
and in the sugar and fat-free residue no higher percentage of either ash, 
crude fibre, or starch than is found in the sugar and fat-free residue of 
chocolate. 
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Cocoa nibs, and cracked cocoa', are the roasted broken seeds of the 
cocoa tree freed from shell or husk. 

Milk chocolate and milk cocoa, in the opinion of the Board, should 
contain not less than 12% of milk solids, and the so-called nut chocolate 
should contain substantial quantities of nuts. 

If sugar is added, for example, to milk chocolate, it should be labeled 
“sweet milk chocolate,’^ “sweet nut chocolate,” etc. 

When cocoa is treated with an alkali or an alkaline salt, as in the 
so-called Dutch process, and the finished cocoa contains increased 
mineral matter as the result of this treatment, but no alkali as such is 
present, the label should bear a statement to the effect 'that the cocoa 
contains added mineral ingredients, stating the amounts. 

Cocoa and chocolate containing an appreciable amount of free 
alkali are adulterated. In the opinion of the Board, cocoa not treated 
with alkali is not soluble in the ordinary acceptance of the term. 
Cocoa before and after treatment with alkali shows essentially the 
same lack of solubility. To designate the alkali-treated cocoa as 
“soluble” cocoa is misleading and deceptive. 


Analysis. 


The object of the analysis of cocoas and chocolates from the point of 
view of the public analyst is the detection of adulteration, which may 
be practised by the addition of excess of husk, cacao butter substitutes, 
starch and foreign colouring matters. 

Microscopy Examination. — A preliminary examination of the 
sample under the microscope will reveal the presence of any added 
starch, when both the nature and origin of the starch^ and its approxi- 
mate proportion may be determined. 

The microscope will further aid the detection of excess of husk, 
which can be recognized by the presence of characteristic spiral vessels 
and numerous hyaline masses of mucilage which are tinged pink when 
treated with ruthenium red and 10% lead acetate solution. 

The direct estimation of moisture, mineral matter, soluble ash, 
silica, fat, fibre, cold water extract, total nitrogen, added starch (if 
found under the microscope), and added sugar will be required to be 
made in samples of cocoa, chocolate, and their preparations. 

> (Am. Ed.) With the use of a polarising attachment to a microscope adulteration 
3 wheat or c( 
luminosity e 


with foreim starches such as wheat or com shows verv vividly. As the an^yser is rotated 
these foreign starches show luminosity and play of colours while the cacao starch does not 


5 foreign 
apparently seem affected. 

VOL. VI— 45 
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The methods of conducting these* analyses are simple and require 
little detailed explanation. It is essential, however, for the analyst to 
have availiable a number of reliable analyses made by other observers 
for purposes of comparison, and it is for this reason that so many 
examples have been included. 

Methods of Analysis. — The methods of analysis given here are 
capable of being applied, where necessary, to the raw and roasted 
bean, husk, nibs, cocoa-powders, -extract, etc., chocolate and prep- 
arations. 

Moisture. — The presence of much moisture is objectionable in bean 
or cocoa-powdfers, and is impossible in chocolate properly manufactured. 

2 grm. of the material are weighed out and maintained at 100° in a 
water oven till no further loss of weight occurs. The difference repre- 
sents moisture. (See also Vol. i, page 64.) 

Ash. — The deliberate addition of mineral matter to cocoa and its 
preparations is rarely practised. Occasionally red ochre is met with 
in chocolate of poor quality, and the preparation of “soluble” cocoa 
by the Dutch method causes a higher ash figure, due to the presence 
of fixed alkalies. 

In the absence of adulterants, the ash figure is of value as an indi- 
cation of the amount of cocoa matter present; this has already been 
discussed. 

The 2 grm. of material from the estimation of moisture are charred 
at the lowest possible temperature and burnt until free of carbon; if 
a carbon-free ash cannot be obtained in this way it is advisable to 
exhaust the charred mass with water, filter, bum the filter-paper and 
contents strongly till a white ash is obtained, add the filtrate to the ash 
and evaporate to dryness; the whole is then heated to a dull redness 
and weighed. (See also Vol. i, page 72.) 

Soluble Ash, — The ratio of ash soluble in water to the total ash is 
of importance as confirming the presence of red ochre or other insol- 
uble mineral matter. If the weight of soluble ash is more than half 
that of the total ash, the addition of husk or alkali may be suspected 
(K. Famsteiner, Zeitsch. NaJir, Genussm., 1908, 16, 625)- 

The total ash is boiled with water, the solution filtered through an 
ash-free filter-paper, and the deposit washed with hot water until the 
filtrate equals 60 c.c. The filter-paper and contents, and the filtrate, 
are separately placed in platinum dishes; the former after drying, the 
latter after evaporation, are then ignited and weighed. 
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Siliceous Matter or Ash Insoluble in Acid. — As this figure cal- 
culated as percentage of the ash is considerably higher in the husk than 
the nib of cocoa, the estimation may often be valuable. 

The ash obtained from 2 grm. of material is boiled with 25 c.c. of 
10% hydrochloric acid for 5 minutes; the insoluble matter is collected 
in a Gooch crucible, washed well with hot water, ignited and weighed. 

Alkalinity of Ash. — K. Famsteiner {Zeitsch. Nahr. Genussm.y 
1908, 16, 625) has stated that a cocoa, having an alkaline reaction 
and yielding an ash from 20 grm., requiring more than 15 c.c. of normal 
acid for its neutralisation, must be considered as having been treated 
with either potassium or sodium carbonate. An analysis of the ash 
will show which salt is present, as ordinary cocoa ash contains but 
little sodium salt. 

If the alkalinity of the total ash exceeds 15 c.c. of normal acid and 
the insoluble ash is more than 60% of the total ash, magnesium carbon- 
ate has been added. 

The simplest method of estimating alkalinity is to treat the entire 
ash with excess of iV/io hydrochloric acid and titrate the excess of 
hydrochloric acid with N j 10 sodium hydroxide solution, using methyl 
orange as indicator. The alkalinity is best expressed as the number 
of c.c. of iV/io acid required to neutralise the ash from i grm. of 
sample. 

Cold Water Extract. — This figure is remarkably constant in the 
case of the cocoa nib (about 24% of fat-free cocoa), and usually ranges 
from 40% to 70% in chocolate. In the latter case the cold water extract 
represents not 8nly the cold water extract of the cocoa, but also the sugar. 

2 grm. of the material are placed in a 100 c.c. flask and shaken 
with 50 or 60 c.c. of water, made up to 100 c.c., and left standing 
overnight. 25 c.c. are then filtered off, evaporated, dried and weighed. 

It has been found more rapid and accurate to work on fat-free 
material. 

Total Nitrogen.— Estimations of total nitrogen by the ordinary 
Kjeldahl method or by combustion with soda lime, give satisfactory 
results. In the cocoa nib it varies from 1.5 to 2.5%, and in unadul- 
terated samples of chocolate the cocoa is the only nitrogen-containing 
constituent. (See also Vol. i, p. 59*) 

Fibre.— The estimation of fibre is of considerable value as a means 
of determining the proportion of husk. In cocoa free from husk it 
will usually amount to 2 or 3%, but will exceed this limit m propor- 
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tion to the amount of husk present. Konig’s method and its modifi- 
cations have been found to be most satisfactory, and the following 
from the Official and Provisional Methods of Afialysis, Association of 
Official Agricnltural Chemists^'^ gives good results: 

2 grm. of dry material are treated with ether (or the residue from 
the estimation of the fat by ether extraction may be used) . 

The residue is placed in a 500 c.c. flask, to which 200 c.c. of boiling, 
1.25% sulphuric acid, is added; the flask is converted into a reflux 
condenser and the boiling continued for 30 minutes. Air should be 
bubbled through the flask if frothing occurs. 

The liquid is filtered and the residue, after thoroughly washing free 
from acid, is rinsed back into the clean flask and boiled for 30 minutes 
with 200 c.c. of 1.25% sodium hydroxide solution. The residue is 
filtered ofif and washed successively with hot w-ater, alcohol and ether. 
It is then dried and weighed. 

The dry residue is ignited and weighed, and the loss regarded as 
crude fibre. 

Another method depending upon the estimation of furfural, a 
decomposition product of pentose and other sugars, with which the 
fibre is intimately connected, has been used with success by Hehncr 
and Sketchlcy,^ Adan^ and others. It was suggested by Tollens in 
conjunction with Gunther and de Chalmont, and has been shown to 
have an efficiency of from 99.1% to ioi.i% in a number of experiments 
carried out by Adan. 

3 to 4 grm. of the sample are placed in a Wurtz flask of 250 c.c. 
capacity, with 100 c.c. of dilute hydrochloric acid 6T 1.06 sp. gr. 
(equivalent to 12% HCl). The contents are then distilled until 30 c.c. 
have passed over, when 30 c.c. of dilute acid arc let into the flask to 
take the place of that portion which has distilled over. This process 
is continued until about 300 c.c. of distillate have been collected. As 
the distillation proceeds, the furfural can be detected by allowing a 
drop of the distillate to fall on a filter paper, which is then tested with 
a drop of dilute aniline acetate solution, containing a small proportion 
of sodium acetate. When a pink colouration is no longer produced, 
the distillation is stopped. 

The distillate is made up to 400 c.c. with dilute hydrochloric acid 
(sp. gr. 1.06). 

' U. S. Dept, of Agriculture, Bureau of Chemistry, Oct., 1907, Bull. No. 107. 

* 0 . Hehner and N. P. Sketchley, Analyst, 1899, 34, 178. 

*R. Adan, Bull. Soc. Chim. Belg., 31, an. 
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The solution is then slowly neutralised with dry and finely powdered 
sodium carbonate and then faintly acidified with acetic acid. 10 c.c. 
or more if required of an acetic acid solution of phenylhydrazine (12 
drops of phenylhydrazine to 7.5 c.c. of strong acetic acid) is added and 
the solution constantly stirred. 

The volume is then increased to 500 c.c. with constant stirring for 
half an hour. The precipitate is collected on an asbestos filter, washed 
thoroughly and quickly with water and dried in a current of warm air 
(50° to 60° C.) under slightly reduced pressure. 

The weight of precipitate multiplied by 0.516 will give the approxi- 
mate weight of precipitated or distilled furfural. 

An error of about 0.25% may occur if the amount of furfural remain- 
ing in the solution and washings has not been included. 

The figures for furfural multiplied by 1.88 W’ill give the equivalent 
of pentosan and is a measure of the amount of husk present in the cocoa 
preparation. 

Theobromine, Caffeine. — There are a large number of different 
methods advised for the estimation of theobromine and caffeine; the 
majority of processes arc untrustworthy, especially those which rely 
upon the sublimation of theobromine. 

The most systematic results have been obtained by employing the 
methods described by W. E. Kunze {Zeitsch. anal Chemie, 1894, 33, 
i) and J. Dekker {Rec, Trav. Chim.^ 1903, 22, 143-152). 

Kunze’s Method. — 10 grm. of cocoa are boiled for 20 minutes with 
150 c.c. of 5% sulphuric acid. The solution is filtered and all tlie 
soluble matter is washed out of the residue with boiling water. 

The warm extract is precipitated with excess of phospho-molybdic 
acid, and after 24 hours the precipitate is collected and washed with 
about I litre of 5% sulphuric acid. The filter containing the moist 
precipitate is transferred to a large dish and treated with excess of 
cold barium hydroxide, after which carbon dioxide is passed through 
in order to precipitate the barium. 

The whole is then dried on a water-bath and extracted with boiling 
chloroform. 

The chloroform is distilled oflf from the clear filtered extract, when 
a perfectly white deposit, of the two alkaloids, is left, containing 
only a trace of ash. 

The white residue is weighed, dissolved in ammonia and heated to 
boiling. 
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Excess of silver nitrate is then added (11.3 parts of silver to : part 
of theobromine) and the boding continued until no further ammonia 
escapes and tlie liquid is reduced to a few c.c. 

An insoluble substitution product of theobromine, C7H7N40jAg, 
is obtained, while the caffeine remains uncombined in solution. The 
insoluble precipitate is filtered off, washed and weighed. 

The silver is estimated in the dried theobromine-silver compound 
by Ignition or by dissolving in nitric acid and precipitating as chloride, 
by which means the quantity of theobromine, in combination and 
originally present, can be readily determined. 

DekkeHs Method. — This process, which has greater brevity in its 
favour, is capable of giving very accurate results. 

10 grm. of powdered cocoa are heated with 5 grm. of magnesium 
oxide and 300 c.c. of water in a reflux apparatus for i hour. 

After filtering and draining on a pump, the residue is again boiled 
with water for 1 5 minutes and drained. The solutions are evaporated 
to dryness, the resulting residue being then triturated with fine sand 
and boiled with 100 c.c. of chloroform. The clear filtered chloroform 
solution is evaporated to dryness and the white residue, consisting of 
theobromine and caffeine, weighed. 

If it is desired to estimate the two alkaloids separately, the dried 
residue is treated with 50 c.c. of benzene for 24 hours, which extracts 
the caffeine. The solution is evaporated to 25 c.c. and filtered; the 
residue on the filter, consisting of theobromine, is dried and weighed. 

Cocoa-red. — The direct estimation of cocoa-red is attended with 
some difficulty, and is seldom necessary. The following method, 
approved by Blyth (Foods, 1909, 368), has a fair degree of accuracy: 

From 2 to 3 grm. of the fat-free cocoa are made into a paste with 
hydrochloric acid; the acid paste placed in a Soxhlet tube is exhausted 
with 100 c.c. of absolute alcohol, kept at the b. p. and to which 
sufficient silver oxide has been added to fix the hydrochloric 
acid. 

The alcoholic liquid is cooled, filtered and then precipitated by an 
alcoholic solution of lead acetate. The purple-black precipitate 
obtained is collected on a filter, well washed with boiling water, and 
transferred to a small flask. Some 70% alcohol is added, and the 
lead salt decomposed by sulphuretted hydrogen. 

On getting rid of the hydrogen sulphide, filtering and evaporating 
to dryness, the red colouring matter is obtained in a solid form. By 
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repetition of the process, purification may be effected and the weight 
of true cocoa-red ascertained. 

A solution of cocoa-red obtained in this way gives a diffuse band in 
the green, allowing the red, blue and most of the yellow rays to be 

transmitted. 

The solution in alcohol is capable of being estimated on colouri- 
mctric principles, but low results are obtained. 

Another method of determining cocoa-red and the products of its 
decomposition has been suggested by Zipperer, but as it entails the 
use of large quantities of absolute alcohol it is too expensive for ordi- 
nary employment. 

Starch.— The estimation of starch in cocoa nibs may be made by 
any of the recognised methods, the nature and origin of any foreign 
starch that may be present in cocoas or chocolates being detected by 
the microscope. 

As already mentioned, the percentage of natural starch in eqeoa is 
small, variable and of little importance, though the estimation of total 
starch may be useful where the presence of added starch has already 
been noticed. 

The methods of analysis in which the starch is converted into sugars, 
capable of direct estimation, by the agency of diastase, dilute mineral 
acids, etc., will be found satisfactory, after the cocoa material has been 
freed’ from fat, sugar and matters soluble in weak alcohol. (See Vol. 
I, page 420.) 

An excellent general method proposed by Dragendorff is as follows: 
2 to 3 grm. of the dry fat-free material are heated with 25 to 
30 c.c. of a 5% alcoholic potassium hydroxide solution, for 20 hours 
on a water-bath; the solution is filtered hot through a weighed ash-free 
filter-paper. 

The residue on the filter is washed first with hot absolute, then with 
cold ordinary alcohol, and lastly with water; it is then dried and 
weighed. The loss in weight corresponds to protein matters, sugar, 
and soluble salts. 

The filter and its contents are cut into fine pieces with scissors, Md 
boiled with $% hydrochloric acid, until the solution no longer gives 
a blue indication with iodine. The Uquid is then filtered tough a 
weighed filter, the residue washed, dried and weighed. The difference 
between the weights of Nos. i and a gives very nearly the quantity of 
starch. 
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This value may be checked by estimating the dextrose in the filtrate 
from No. 2, with Fehling’s solution. 

Dubois’^ Method for Cocoa Preparations in the Absence of Sugar . — 
2 grm. of the sample are transferred to a 500 c.c. Erlenmeyer flask, to 
which are added 20 c.c. of water and 12 c.c. of strong sulphuric acid. 
The latter is cautiously added with slow rotation of the flask. The mix- 
ture is heated over a low flame with constant rotation until the colour 
changes from brown to reddish-black. The time required for this 
change has been found to be approximately i 1/4 minutes, so that all 
samples should be treated for this time. 

30 c.c. of water are then added, the mixture heated to boiling and 
boiled for 1 5 seconds. A little cold water is poured in, the flask quickly 
cooled and the acid nearly neutralised with a saturated solution of 
potassium hydroxide. 

The solution is then again cooled and transferred to a 250 c.c, flask, 
completing the volume with cold water. 50 c.c. of the filtrate are used 
or the determination of copper-reducing substance as dextrose (100 
mgrm. dextrose— 0.2538 grm. copper oxide =0.2027 grm. of copper).* 

For Cocoa Preparations Containing Sugar and Soluble Carbohydrates . — 
4 grm. of the sample are shaken with petroleum ether until the whole 
of the fat has been removed. 

After filtration and a further washing with ether, 100 c.c. of water 
are added to the contents of the flask and the residue on the filter- 
paper washed back into the flask. The flask is thoroughly shaken and 
the contents filtered through a filter-paper. After 3 or 4 washings 
with water, and after the whole of the sugar has been removed, the 
filtrate is made up to 500 c.c. and may be used for sugar estimation, 
while the residue is washed into an Erlenmeyer flask and treated as 
described in Dubois’ method for estimation of the starch. 

Dubois by employing these methods obtained 10.77% to i 3 - 05 % 
starch in cacao nibs, 11.38% to 13.64% in bitter chocolate and 7.4% 
8 * 5 % ill sweet chocolate. In later experiments the same author 
obtained 16.3% to 19.8% of starch in cocoas and 10.4% to 18.2% in 
bitter chocolates. 

Welmans* has estimated the quantity of commercial dextrin added 
to chocolate. The dextrin is detected by treating the cacao prepara- 
tion after extraction of fat, with water. 

* W. L. Dubois, U. S. Dept, of Agric., 1901, Bull, ijs, 

* Brown, Morris and Millar, Tfoar., 1897, 71, 381. 

»P. WeUnaos, Zeit. Chtm., 5, 478. 
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The solution is filtered and to 10 c.c. of the filtrate 40 c.c. of 90% 
alcohol added, when, if dextrin is present, an immechate turbidity is 
produced. The dextrin may be quantitatively precipitated by lead 
acetate in the presence of ammonia. (See also Vol. 2, page 420, etc.) 

Sugar.— The quantity of sugar present in cocoa nibs is small and 
unimportant. In chocolate it is very necessary, however, to estimate 
the amount of added cane-sugar, and in milk chocolate it may also 
be required to estimate lactose. 

The average cupric reducing power of cocoa nibs expressed as CuO 
is found to be about 5 per 100 parts by weight of dry and fat-free cocoa 
matter. As lactose, in milk chocolates, is likely to be the only reducing 
sugar present, its estimation may be made by finding the cupnc reduc- 
ing power of the sample under examination, and allowing for the 
reducing power of the cold water extract of the nib. 

The following process for estimating sucrose and lactose (Dubois’ 
method, /. Amer, Chem. Soc., 1907, 29, 556) is advised by the 
Association of Official Agricultural Chemists, U. S. A.: 

13 grm. of sample are extracted with petroleum ether to remove 


the fat. . 

The residue is shaken with loo c.c. of water for lo nunutes; s c.c. 
of basic lead acetate solution is added, the precipitate filtered off and 

excess of lead removed. . 

« CC. of this solution are allowed to stand overnight, then 
examined polarimetrically. Multiply the readings obtamcdby a(-o). 
SO C.C. of *e solution are inverted by the method mentioned later and 
after cooling and nearly neutralising with sodium hydroade solution, 
is made up to loo c.c. This solution, after being brought to 4 e tem- 
perature at which the direct readings were made, is exammed m Ui 
Jolarimeter, and the readings multiplied by 4 ( =*)■ The 
h also examined at 86“ in a water-jacketed tube; the readmgs 

The'approxtiate^ weights of sucrose and lactose present in the 13 
grm. of sample are calculated by the following formula: 


(0-6)1.05X13 
grm. of sucrose = r ' 


cX i.s64X 1. 11X1.05X13 ^ 19 ' ijli 
100 


grm. of lactose = 


100 
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(The lead acetate solution is prepared by boiling 430 grm. of normal 
lead acetate, 130 grm. of lead oxide and 1,000 c.c. of water together 
for 30 minutes. The mixture is allowed to cool and settle, and the 
supernatant liquor diluted with freshly boiled water to a sp. gr. of 1.25.) 

The factor 1.264 in the estimation of lactose is the allowance made 
for difference in normal weights of sucrose and lactose. 

\ 26.00 / 


From the total amount of sugar found by the above methods obtain 
the value the volume correction for solutions containing varying 
amounts of sugar, from the following table: 


Then the 


2 

grm. of sugar in sample 

X= IOI.2 

4 

« « 11 (( u 

x= 102.5 

6 

it a a ti (( 

x= 103.6 

8 

<< (( (( it it 

x= 104.8 

10 

it it a (( <( 

X— 106.05 

15 

it it it (( {< 

x= 109.40 

20 

(( a (< <( (( 

112.40 


Percentage of sucrose =» — - 

142.66 - ^ 

Percentage of lactose =* 1.473 ^ 

In the estimation of the percentage of sucrose, the factor 1.05 is the 
allowance made for the dilution due to the addition of 5 c.c. of basic 
lead acetate solution. 

The method recommended for the inversion of the sugar solution is 
as follows: 

To 50 c.c. of the clarified solution free from lead, add 5 c.c. of 38.8% 
hydrochloric acid and set aside for 24 hours at 20°; if the temperature 
is above 25°, set aside for lo hours. 

The ofl&cial method for estimation of sugar in chocolate, according to 
the German decree of May 31, 1891, is as follows: 

13.024 grm. of chocolate are dampened with alcohol, then warmed for 
15 minutes with 30 c.c. of water on the water-bath; while still hot it is 
poured on to a wet filter, the residue being again treated with hot 
water untU the filtrate nearly equals 100 c.c. The filtrate is mixed 
with 5 c.c. of basic lead acetate solution, allowed to stand for 15 minutes, 
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then clarified with alum and a little alumina, made up to a definite 
volume (no c.c.) and examined in the polarimeter. (See also Vol. i, 
pages 338, 365.) 

Fat. — Cacao butter is readily soluble in ether and petroleum ether, 
and its estimation is made by exhausting a finely powdered weighed 
portion in a Soxhlet tube with either solvent: 5 grm. is a convenient 
quantity of sample to take for this determination. 

Cocoa nibs contain 45 to 55% of fat; cocoa-powder should contain 
at least 20%, and sweet chocolate from 25 to 30% of fat. 

Besides the mere estimation of quantity, the quality of the fat present 
in chocolate is of great importance, as parafi&n wax, beeswax, tallow, 
Illip^ fat, and others, are used from time to time for their hardening 
properties, coconut fat, arachis nut, cotton-seed, sesame, and other 
vegetable oils being used for cheapening purpioses. 

Determinations of the saponification and iodine values and refrac- 
tive index of the extracted fat (see Vol. 2, pages 3-89) are essential 
for the detection of foreign fats. 

In the absence of cacao butter substitutes containing glycerides of 
volatile fatty acids, the Reichert-Meissl process will give the amount 
of milk fat present in milk chocolates witli reasonable accuracy. 

Saponification Value. — The presence of coconut fat will cause 
an increase, paraffin wax and beeswax a decrease in this value. The 
saponification of cacao butter is fairly constant, varying i or 2 
units on cither side of 193.0. 

2 or 3 grm, of the extracted fat are accurately weighed in a flask; 
about 25 c.c. of approximately iV/2 alcoholic potassium hydrox- 
ide added, and the whole is heated on a water-bath under a reflux con- 
denser until complete solution has taken place. 

The unneutralised alkali is titrated with N/2 hydrochloric acid, 
using phenolphthalein as indicator. 

The standardisation of the iV/2 alcoholic potassium hydroxide is 
preferably effected by heating 25 c.c. on the water-bath under a reflux 
condenser, side by side with the fat examined and subsequently titrating. 

The difference between the amounts of acid required corresponds 
to the amount of alkali required for the saponification, which is ex- 
pressed in milligrams, for i grm. of fat, thus: 

X - X 56,10a 
w 



7i6 cocoa and chocolate. 

Where K — saponification value, n — c.c. of normal potassium 
hydroxide solution, and weight of fat taken; 56.1 is the molecular 
equiualent of potassium hydroxide. 

Iodine Value^— HubPs Method.~A low iodine value will point 
to the presence of coconut fat; a decrease will also be followed by the 
addition of beeswax. The iodine value of cacao butter is about 35. 

50 grm. of iodine are dissolved in i litre of alcohol, and 60 grm. of 
mercuric chloride in another. 

I grm. of cacao butter is weighed out and dissolved in 10 c.c. of 
pure chloroform, and to the solution 30 or 40 c.c. of a solution con- 
taining equal volumes of the iodine and mercuric chloride solutions 
are added. 

The mixture is allowed to stand for several hours in the dark or over- 
night, when after the addition of 10 or 15 c.c. of a 10% solution of 
potassium iodide with about 150 c.c. of water, the excess of iodine 
is titrated with a solution of sodhim thiosulphate (about 24 grm. 
per litre) previously standardised on pure resublimed iodine or potas- 
sium dichromate, a little starch paste being used as indicator. 

The iodine value is expressed in grm. of iodine absorbed by 100 grm. 
of fat. 

Precautions. — The iodine and mercuric chloride solutions must 
not be mixed many hours previous to the estimation, and a blank must 
be conducted side by side with the actual experiment. 

The chloroform used should be free from iodine absorbing impurities. 

Reichert-Meissl Value. — This value is about 0.5 for pure cacao 
butter; a large increase on this in a fat extracted from plain sweet 
chocolate shows the probable addition of coconut fat. In a milk 
chocolate an increase will be noticed, due to the presence of milk fat. 

5 grm. of fat are saponified by 2 grm. of stick potassium hydroxide 
and 50 c.c. of 70% alcohol, by heating together on the water-bath. 

The evaporated alcoholic soap is dissolved in 100 c.c. of water and 
acidified with 40 c.c. of io% sulphuric acid solution, no c.c. are 
slowly distilled off, of which 100 c.c. are filtered through a dry filter 
and titrated; the iV/io alkali consumed is increased by i/io to 
allow for the 10 c.c. not used. 

Coconut fat requires about 7.0 c.c. of JV/io alkali; arachis or 
earth nut oil, about 0.5 c.c.; milk fat, 20-30 c.c. 

1 (Am. Ed.) The Hanus solution Is so rapidly gaining in favour in the United States 
that many laboratories only use the Hubl solution in special cases. Tliis is true of the 
writer’s laboratory. * 
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Bjbrklund’s Efiier Test. — The ether test, which in a modified form, 
constitutes the British Pharmacopoeia test of purity, consists in shaking 
a quantity of the fat (3 grm.) in a test-tube with twice its weight of 
ether at 18° C. Pure cacao butter produces a clear solution, while the 
presence of wax will at once cause turbidity, which will not clear even 
on warming. 

If a clear solution is obtained, the test-tube is immersed in water at 
0° C., and tlie minutes which elapse before turbidity occurs noted. 

Bjorklund made the following observations: 



1 

Turbidity at o® 
after minutes 

Clear solution at 

Pure , , 

1 

lo-is 

19-20° 

OaCcIo blitter " 4 " beef tAllow. 

8 

22° 

C^Ciio butter 4* tnllow 

7 






It has been observed also that the form of the crystals in the chilled 
ethereal solution is a useful indication of the addition of tallow, pure 
cacoa butter crystallising in well-defined shapes at the bottom and sides 
of the tube, while a small percentage of tallow renders the solution 
cloudy and flocculent. 

Refractive Index on Zeiss Butyro-refractometer.—The deter- 
mination of the refractive index of a fat has long been known as a use- 
ful indication for the state of purity. 

The instrument in general use is the Zeiss butyro-refractometer 
which from its handiness and for general utility is most to be recom- 
mended. When the Abb^ refractometer only is available readings can 
be calculated to the butyro-scale (see Leach, Food Inspection and 
Analysis^ and elsewhere). 

There are a few oils, however, such as Tung oil and the rosin oils, 
which faU without the scale (5 to 105“ on the butyrometer) and for 
these the Abbd refractometer or the oleorefractometer of Amagat and 
Jean may be used. 

The instrument, which consists of an Abbd double prism capable of 
being heated by a current of hot water and a permanently attached 
telescope, the objective of which is adjusted by a micrometer screw, 
does not need further description, the method of working being one of 
greatest simiplicity. (See Vol. i, page 22.) 

Some figures of the value for the detection of adulteration of cacao 
butter obtained by the writer are given: 
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Readings on Zeiss butyro- 
rcfractometer at 40° C. 


Cacao butter 

Coconut stearin 

Beef tallow 

Palm butter (hard) 

Palm kernel oil 

Earth nut oil 

Butter fat 

Hazel nut oil 

Almond oil 

Fat from Cailli^r's milk chocolate 

Fat from NestWs milk chocolate 

Fat from Peter's milk chocolate 

Fat from "Nuttis” (Peck Frean’s nut Chocolate). 


46 


3S 

48. 


38 

55 

43 


-47 

-36 

S-490 

47.0 
-39 

-56 

-45 (usually 44.5) 
54 a 
S7-3 

46.0 

46.0 
46 . 3 

50.0 


In the table below will be found physical and chemical constants for 
cacao butter, and for those fats and oils with which it is likely to be 
adulterated. There are also included in .the same table, constants for 
those fats and oils which may be found in conjunction with cocao 
butter in the fat extracted by a solvent from commercial chocolates 
other than plain, such as milk and nut chocolates, etc. 

The determination of the constants, the values of which can be 
explained by the composition of the fat under examination, affords an 
indication of the nature of the adulterant. Thus, a high iodine value 
suggests the presence of certain foreign vegetable oils, such as sesame, 
arachis or almond. A low saponification value will suggest beeswax 
or paraffin wax. A high saponification value will suggest coconut oil 
or palm kernel oil stearins. A low iodine value will be found if 
coconut oil or stearin has been substituted for cacao butter. 

In general the vegetable oils increase the iodine absorption value 
and lower the m. p. of the insoluble fatty acids obtained from the 
mixed fats. 

Cacao butter may show a high acid value if the fat has been extracted 
from shells (Dutch Ila butter) or unduly exposed to the oxidising 
influence of air and light. The acid value given by Matthes and 
Rohdlich^ for cacao butter is i.i to 1.95. 

There have been many researches upon the detection of cacao 
butter substitutes in chocolate. Coconut fat or stearin, after a great 
part of the olein has been removed, is especially valuable as a cacao 
butter substitute. Wauters^ suggests the following method for the 
detection of coconut fat in cacao butter: 


> Matthes and Rohdlich, Btr., 1908, 

^ Wauters, Analyts, 1901, 26* xaS, 292. 
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5 grm. of the extracted fat (if from chocolate) is saponified and the 
soap dissolved in 150 c.c. of boiling water; 50 c.c. of 5% sulphuric acid 
solution are then added and the whole distilled so that 100 c.c. pass 
over in 30 to 35 minutes. After the first distillation, another 100 c.c. 
of water are added and the distillation repeated. The two distillates 
are separately filtered and 50 c.c. of each filtrate titrated against a,N/io 
solution of sodium hydroxide. The filters are washed with 50 c.c. of 
ethyl alcohol and the washings mixed with 50 c.c. of the filtrate 2md 
again titrated. 

By this method, which is really an extension of that for estimation 
of Reichert- Meissl value, Wauters obtained the following results, the 
figures being expressed as c.c. of N/ 10 sodium hydroxide solution 
required for neutralisation: 


Soluble volatile acids Insoluble volatile acids 

I .... 



I First 

j Second 1 

Total 

;j First 

Second 

Total 

Coconut oil 

. . . 7 - t 


It. 4 1 

i 

7 . 8 s j 

7-55 ! 

I.") -4 

Cacao butter 

0 . I 

1 0.0 1 

O.I 1 

0.25 1 

0.15 1 

0.4 


Sachs* has examined many exotic vegetable fats which have been 
used as substitutes for cacao butter. Dika or Gaboon fat, Tankawang 
fat or Borneo tallow and Illipd fat have been examined by this author, 
who gives also the constants he obtained for them. 

The same author has examined the stearin obtained from coconut 
and palm nut fats. He suggests the admixture of 75% coconut 
stearin with 25% Japan wax for a good cacao butter substitute. This 
mixture gives the following constants: m. p. 34° to 35.5°, iodine value 
7.8, saponification value 237, Reichert-Mcissl value 5.5. 

Other mixtures recommended by Sachs are 2/3 palm nut stearin 
with 1/3 coconut stearin, and 40% Tankawang fat with 60% coconut 
stearin. 

The decisions of the recent congresses at Geneva, 1908, Paris, 1909, 
and Berne, 1911, have all been in the direction of suppressing the 
addition of foreign fats to chocolate and in certain countries other legal 
standards for cocoa and chocolate maintain. 

English chocolate manufacturers, however, have not yet committed 
themselves to legal standardisation of their goods and it is undoubtedly 


lO. Saclu, Analyst, 1908. 133. 
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true that many articles appear on the home market as cocoa and 
chocolate that would not be permitted in other countries such as the 
United States, Germany, Switzerland, Belgium, Roumania, etc. 

In the Times of June 10, 1910, two cases of adulteration of cocoa 
powder were quoted; in the one, a powder containing 60% husk was 
being sold as cocoa and though it was explained that the presence of 
so large a quantity was undesirable and unnecessary, the case was 
adjourned for further investigation. The second case, dealing with 
the sale of cocoa containing 20% of husk was dismissed. 


Vot. VI— 46 
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AcET-phenetidin, 99 
Acetanilide, 83 
Acolyctlne, 275 
Aconines, 264 
Aconite, toxicology of , 283 

toxicological detection of, 285 

■ ])harmacology of, 287 

rtK)tand its preparations, 279 

bases, constitution and characters 

of the, 256 
Aconitine, 25b, 258 

derivatives of, 262 

salts of, 260 

Acridine, 126 

Alkaloids, isolation and purification of 

171.177 

• with acids, reaction of the, 202 

{)roj)erties of the, 183 

classilication of the, 206 

Amines, physical proyicrties of, 13 

separation of, HolTman’s method, 5 

Amines, detection and separation of 4 

separation of Dclepine's method, 7 

Aminonaptholdisulphonic acids, 127 
Aminonaptholsulphonic acids, 126 
Aminonapthols, 125 
Aminoj)henacetin, 104 
Aminophcnols, 97 

Ammonia, estimation of p)Tidine in, 
137 

separation and estimation of (he 

three methylamincs from, 18 
Analgen, 159 
Aniline, 53 

- salts of, so 
- — oils, 74 
Anhydro- bases, 545 
■ — - cegonine, 339 
Antifcbrin, 103 
Antipyrinc, 36 
Apocodeinc, 395 
Apomorjdiine, 3S7 
— — hydrochloride, 388 
Areca or betel-nut alkaloids, 208 
Arccaidine, 211 
Arccainc, 210 
Arecoline, 208 
Argentol, 160 
Atroglyccryl tropeine, 302 


Atisine, 277 

Atrolactyl tropeine, 302 
Atropamine, 291, 298 
Atropine, 294 

and its allies, toxicological detec- 
tion of 309 . 

Atroscine, 300 
Azoimide, 27 

Belladonna plaster, 315 

root, 3 1 1 

Belladonnine, 291, 299 
Benzanilide, 87 
Benzidine, 108 
Benzoyl-pseudotropine, 341 
Benzyl-naphthylamine, 116 
Bcrbaraine, 563 
Berberine, 551 

salts of, 559 

Bikhaconitine, 256, 271 
Brom-acetanilide, 86 
Brucine, 464 

analytical reactions of, 465 

toxicology of, 466 

Butylhypnal, 46 

Cacoa, 685 

-analyses of “nibs” and husks, 68 

— — butter, 715 
Caffeine, 579,* 

-- — isolation and estimation of, 606 

• stilts of, 588 

CalTctannic acid, 645 

estimation of, 657 

Canadine, 574 
Ctiper tea, 638 
Chicory, 674 
Chocolate, 685 

Cinchona bases, amorphous, 543 

table of, 499 

general propertit-s of, 503 

barks, 479 

composition of, 481 

— assay of, 486 

^bases. separation of, 4(10 

alkaloids, separation of, 492 

titration of, 496 

Cinchonamine, 547 
Cinchonicine, 544 
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Cinchonidine, 537 
Cinchonine, 540 

sulphate, 542 

hydrochloride, 542 

Cinchonine, 522 
Cinchonidine, 522 
Cinnamyl-cocaine, 339 
Coca, amorphous bases of, 341 

assay of fluidextract of, 344 

leaves, 344 

alkaloid from Java, 348 

Cocaic acid, 341 
Cocaine, 321 

bases allied to, 338 

qualitative tests for, 322 

salts of, 326 

crude, 328 

in the presence of the eucaincs, 

tests for, 334 

decomposition-products of, 336 

Cocamine, 340 
Cocatannic acid, 344 
Cocethyline, homococaine, 339 
Cocoa-red, 699 

powder, 690 

and chocolate, 685 

Codamine, 396 
Codeine, 356, 390 

detection and estimation of, 392 

Coffee, 642 

roasting of, 648 

analysis of, 651 

adulterations of, 663 

extracts, 678 

Collidine, 144 
Columbamine, 575 
Columbic acid, 577 
Columbia, 576 
Conhydrine, 214 
Coniceines, 215 
Coniine, 211 
Conquinamine, 537 
Cryptopine, 396 
Cumidines, 73 
Cupreine, 522, uS 
Curare, alkaloias of, 474 
Curarine, 476 
C urine, 475 

Datura, 319 
Dextro-cocaine, 338 
Diaminophenols, 105 
Diaminonaph tha len cdisulphonic acids, 

124 

Diaminonaph thalenesulphonic add, 124 
Diaphtherin, 160 
Diethylaniline, 95 
Dicthylnaphthylamine, 116 


Dimethylamine, 14 
Dimethyhiaphthylarnines, 116 
Dimethyl-phenylene, 107 
Dimethylpyridines, 143 
Dinapathylamine, 116 
Diphenylamine, 95 
Diethylaniline, 89 
Diuretin, 594 

Dragendorff’s reaction, 190 

Ecgonine, 337 
Elhylamine, 19 
Elhylnai)hthylamines, 114 
Ethylpyridine, 144 
Ethylhydrazine, 29 
Exalgin, 103 

Formyl-phenetidine, 104 

Gnoscopine, 397 
Griscrin, 160 
Guarana, 683 
Guvacine, 2 1 1 

Hemlock and its preparations, assay of, 
221 

Heroin, 389 
Homalropine, 302 
Homocinchonidine, 540 
Homoquininc, 549 
Homoaricoline, 210 
Hydrastine, 564 
Hydrastininc, 572 
Hydrazone, 34 
Hydrazine, 23 
Hydroacridine, 164 
Hydrocinchonidine, 540 
Hydrodnchoninc, 542 
Hydrocotarnine, 397 
Hydroquinine, 533 
Hydroquinicine, 534 
Hyoscyamine, 297 
Hyoscine, 299 

Hyoscyamine (amorphous), 300 
Hyoscyamine, 291 
Hyosano, 291 
Hyoscyamus, 316 

Indaconitine, 256 

Insecticides and germicides from to- 
bacco, 250 
Isa tropic add, 293 

Japaconitine, 266 
Tateorrhizine, 575 
Jesaconitine, 256, 273 

Katrine, 159 
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Kola, 680 
Kolalein, 682 

Lanthopine, 398 
Lapaconitine, 277 
Laudaninc, 398 
Laudanidine, 398 
Laudanosine, 361, 399 
Laudanum, 429 
Lie tea, 639 
Ixjritin, 159 
Lobeline, 223 
Lupine alkaloids, 225 
Lycaconine, 274 
Lycaconiline, 274 

Mandil\gorine, 300 
Marine’s reagent, 190 
Mate, Paraguay tea, 641 
Mayer’s reagent, 19 1 
Mcconidine, 399 
Meconic acid, 41 1 
Mcconin, 410 
Mcconoisin, 41 1 
Meteloidinc, 291, 301 
Mclhylaniline-nitrosaminc, 89 
Migrauline, 47 

Methylphenyl-naphthylamine, 1 16 
Methacetin, 104 
Mcthylamine, 12 
Methylacetanilide, 86 
Methyl-phenacetin, 104 
Methylfiyrroles, 149 
Melhylaniline, 88 
Methyl-coniine, 216 
Monamines, 2, 10 
Morphine, 374 

basic association of, 395 

salts of, 376 

detection of, 379 

quantitative estimation of, 383 

Myoctonine, 275 

NaPHTHYLAMINES, III 
Naphthylamincdisulphonic acids, 122 
Naphthylaminesulphonic acids, 117- 
121 

Naphthylaminctrisulphonic acids, 123 
Naphthylaminesulphonic acids, analysis 
of, 124 

Narceine, 360, 399 

Narcotine, 400 

meconate, 402 

Narcotine, 357, 400, 409 
Nicotine, 237 

and tobacco, poisoning by, 241 

Nitraniles, 62 


Nux vomica, 467 
preparations of, 472 

Opionlv, 4n 
Opium, 407 

— bases, constitution of, 355 

and morphine, toxicology of, 434 

bases, general characters of, 361 

with solvents, behaviour of, 

362 

• ’estimation and separation of, 

370 

— — colour reactions of, 366 

actions of solvents on, 414 

estimation of morphine in, 417 

the sampling of, 418 

extract of, 429 

Orexin, 161 
Osazones, 35 
Oxyacanthyne, 361 

Palmatin’e, 576 
Palmatisine, 279 
Papaverine, 359, 403 
Pajiaverosine, 403 
Paranitrosodimethylaniline 90 
Paregoric, 429 
Piperidine, 141 
Phenacetins, 99 
Phenylnaphthylamine, 115 
Phenylencdiamines, 105 
Phenylhydrazides, 32 
Phenylpyrazolones, 36 
Phenylmethane, 87 
Piturine, 229 
Picolines, 142 

Pomegranate-alkaloids, 230 
Protopinc, 404 
Pseudoconhydrine, 215 
Pseudaconitine, 256, 270 
Pseudocodeine, 395 
Pseudohyoscyamine, 298 
Pseudohyoscyamine, 291 
Pseudomorphine, 357, 404 
Pseudotropine, 294 
Pyraconine, 265 
PyraconiUne, 265 
Pyramidone, 47 
Pyrazolines, 35 
Pyridine, 13 1 

bases, isolation of, 130 

Pyridinecarboxylic acids, 145 
Pyrro, 148 

Quin AMINE, 536 
Quinazoline, 160 
Quinic acid, 483 
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Quinidine, test for, 522 
Quinidine, 535 
Quinine, 507 

detection and estimation of, 510 

salts of, 514 

sulphate, 515 

hydrochloride, 527 

tincture of, 533 

Quinoline 151 
Quinosol, 160 
Quinovic acid, 482 

Remijia barks, alkaloids of, 546 
Renal gen, 45 
Rohoeadine, 405 

Salipyrine, 45 
Scopolamine, 291 
Scopolia, 320 
Scopoline, 294 
Septentrionaline, 277 
Spigeline. 235 
Stramonium seeds, 319 
Strychnine, 441 

salts of, 443 

analytical reactions of, 444 . 

toxicology of, 455 

preparations of, 459 

Tea, 597 

analysis of, 602 


Tea, adulterations of, 629 
Tetralkylamraoniura bases, 20 
Thalline, 157 
Thebaine, 405 
Theobroma cacao 685 
Theobromine, 591, 682, 

Thcophyline, 595 
Thermifugen, 159 
Tobacco, 237 
Toluidines, 63 
Toluylenediamines, 107 
Tolynaphthylamines, 115 
^olypyrine, 47 
Triaminophenol, 105 
Trimethylamine, 14 
Triphenylamine, 97 
Tritopine, 406 
Tropeines, artificial, 301 

detection and estimation of, 303 

Tropine, 293 
Tropic acids, 292 
Tubocurarine, 476 
Tussol, 46 

Vegetable alkaloids, the, 167 
Volatile bases of vegetable origin, 207 

Xanthaline, 406 
Xanthine, 580 
Xylidines, 71 
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With 29 Illustrations, (Yown 8vo. 176 pp., 3s. bd. net. (1914) 
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By J. W. IIiNCHLEY, A.K.S.M., Wn., Sc., Lecturer on Chemical 
Fngineering, Imperial College of Science, London. With jo 
Illustrations, 112 pp. Crown 8vo, 2s. 6d. net. (i9*4) 

NOTILS ON CHEMICAL RESEARCH. 

An account of ccrt.iin conditions which apply to Original 
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By W. P. Dhkai'ER, F.I.('., Member of Council of Institute of 
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W'ith a frontispiece of Michael I'araday. 78 pp., Crown 8vo, 
2S. 6d. net. (1913) 
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WHO’S WHO IN SCIENCE, 1914. 
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T he above work was written as a text-hook for advanced students in 
colleges . 'I nd technical institutions; but since it treats somewhat fully of 
technical analysis as well as of general an.alytical methods, it has also been 
largely used in the laboratories of consulting and analytical chemists. 

'I he book is intended to snppleim'nt rather than to reidaceoral instruction and 
demonstration bv the teach<'r; l)nt it is confidently anticipated that the careful 
.and detailed descriptions of the jirocesses will diminish, in a somewhat unusual 
degree, the tutorial work of the teacher and the practical dilhcultics of the 
student. 

The subject-matter has lieeii arranged in seven parts and may be briefly 
summarised as follows : 

(i) The use of the b.alance ; certain physic.al determinations; analytical 
operations, 

(2) Gravimetric estimations made with simple metallic salts. 

(3) Volumetric analvsis, including the description of measuring vessels 
and their calibration. 

(,}) ('omplex analyses, including the analysis of ores, industrial products, 
water, food, anti organic substances. 

(5) Gas analysis .and the determin.ation of vapour-densities. 

(b) Typical results of an.alyses; useful tables; factors for analysis; 
logarithms and atomic weights. 

(7) Lists of chemicals and apparatus rcquiretl ftir the processes described 
in the book. (^ 9 M) 

PKTAJI KO ntOSntCTUS ON An i.K A IION. 

]. vt A. ('iiuKcmi.L 
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TREATISE ON GENERAL AND IN- 

DUSTRIAI, CHI'MISTRY. 

By Dr. Ettore Molixari, Professor of Industrial Chemistry to 
the Society for the Encourai;ement of Arts and Manufactures, 
and of Merceology, at the Commercial University, Luigi Bocconi, 
at Milan. 


INORGANIC. 

Translated from the Third Re- 
vised and Amplified Italian 
lulition by I'^kxest Feii.manx, 
B.Sc., Ph.I)., F.I.C. 

Part I. General. 

„ II. Non-Metals. 

„ III. Metals. 

With 280 Te.\t Figures and 
3 Plates. 720 pp. Royal Svo. 
21S. net. (1912) 

“ This is certainly a remarkable 
if not unique book, and the i:nj.j- 
lish translation should receive a cor- 
dial welcome. IVof. Molinari is a 
pijjneer in the work of reformin^^ the 
tcachin|4 of ('hemistry, so that the 
youn).{ chemist on the completion of 
liis traininj' may have a clear and 
definite knowledj^^e of the practical 
and economic aspects of chemical 
industry, and not be at an entire loss 
when he is called upon to take some 
part in the manaj'cmcnt of clicmical 
preparations on a large scale." The 
Chemical Neui. 

" I'ull details arc given of the plant 
used in the modificatitjus of various 
industrial processes, and the book not 
only gains in interest by plan, but is 
also valuable as a source of reference 
for the technical chemist and patent 
agent, . , . An excellent feature is 
the description of the uses to which 
the various chemical products are 
applied, and the statistics of the 
values of the quantities annually 
manufactured or exported." — Kmuv- 


ORGANIC. 

Translated from the Second 
ICnlarged and Revised Italian 
lulition by Thomas II. Pope, 
B.Sc., A.C.G.I., F.I.C., School 
of Malting and Hrewing, Uni- 
versity of Birmingham. 

Part I. General. 

Part II. Derivatives of 
Methane Hydrocarbons ; 
Halogen Derivatives of 
I lydrocarbons; Alcohols; 
Derivatives of Alcohols; 
Acids; Derivatives of 
Acids ; Aldehydic or 
Kctonic Polyhydric Al- 
cohols. 

Part HI. (’yclic Compounds; 
Isocyclic Compounds. 

W'ith 506 Tc.xt Figures. 790 
pp. Royal 8vo, 24s. net. 

('‘J'3) 

" I'or students taking up industrial 
chemistry as a profession, the book 
provides an excellent text-book and a 
guide to more specialised treatises. 
. . . Covers a very wide range. 

. . . The illustrations convey ex- 

cellent impressions of the numerous 
types of machinery employed." — 
Transactions of the Faraday Society. 


OKTAII.RIJ 1-HOSCKCTUS ON A ATION . 


THE CHEMISTRY OF CYANOGEN 

COMPOUNDS, and their Manufacture and Estimation. 
By Herbert E. Williams. 432 pp. Svo, los. bd. net. 

(1915) 

J. & A. Churchill — — 
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Will) 313 Illustrations. 890 pp., Royal 8vo. 21B. net. 

BLOXAM’S CHEMISTRY. 
INORGANIC AND ORGANIC. 

With K.xperiments. By Ciiarlks Loudon Bloxam. 

'TIuNTH EDITION, Revised and Rewritten by Arthur G. 
l>f.oxAM, E.I.C., Consulting Chemist and Chartered Patent Agent, 
and S. Judd Lewis, D.Sc., F.LC., Con.sulting and Analytical 
Chemist. 

With Introduction by Prof. j. M. Thomson, F.R.S, 

Contents. — Water — Air — Acids, Bases, Salts — Hydrogen— Halo- 
gen Group— Sulphur Group -Phosphorous Group— Carbon and 
Boron Groups- Argon Group — General Principles and Physical 
Chemistry — Chemistry of the Metals -Alkali Metal Group — 
Alkaline Earth Metal Group— Magnesium Group — Aluminium 
Group — Iron Group— Chromium Group— Antimony Group -Tin 

Group -Copper, Silver, Gold Eighth Group— Organic Chemistry 

— Hydrocarbons — Alcohols, Aldehydes, Acids — Stereochemistry 
— Ketones, IHhers, Halogen Derivatives, Esters — Metal and 
Metalloid Derivatives — .Ammonia Derivatives — Cyanogen and its 
Compounds — Phenols, Quinones -Carbohydrates — Glucosides — 
Proteins— I leterocyclic Compounds. 

The cof^its of this worh, lohich aye to he found on the shelves of the Public 

Libtaries, ptove that the booh has been of continued service both to the student of 
Chemistry and the i^eneral reader, ivhich was the object set forth in the first edition, 
fhe present editors have kept this tradition constantly before them, and while this 
edition retains the lucid explanations necessary for the elementary student, it is believed 
to be still the most compendious work on Chemistry in a sinole volume. The introduction 
of precise details from original memoirs, which are outside the scope of the ordinary 
text-book, increases the encyclopudie value of the work. 

The development of phvsical chemistry has rendered necessary a re-easting of the various 
chapters iOi general principles. Advantage has been taken of the change /(> include a 
fuller account of crystal structures, chemical constitution, stereochemistry, radioactivity, 
the periodic classijication, etc., than is usual in any books but those devoted to these 
particular subjects. Cl'Jlj) 

*■ Of its usefulness as a book of reference there can he no question." 

The Chemist and Druggist. 

"Ploxam's Chemistry in its new foim will be no less invaluable to the present 
generation of students than its predecessots were to their foie fathers." 

Chemical Trade Journal. 

DETAII.KI) I’Ki'SrECTl'.S ON AIM-LICATION. 

BRICKS AND ARTIFICIAL STONES 

OF NON-PLASTIC MATERIALS. Their Manu- 
facture and Uses. 

Uy Alfred U. Seakle. f)5 Illustrations. 158 pp. 4to, 8s. 6d. 
net. (' 9 ' 5 ) 


J. A' A. CnuRCUiLi. 
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J. A. Churchill’s 


FATTY FOODS. THEIR PRACTICAL 

EXAMINATION. 

A Handbook for the use of Analytical and Technical Chemists. 
Hy 1 C Rich.ards Bolton, F.C.S., ConsiiltinL^ Analyst & Technical 
Chemist, and Cfxil Rkvis, Chief Chemist, Messrs. Welford and 
Sons, Ltd. With 7 Plates and 36 Text- figures. 384 pp. 8vo, 
los. bd. net. 



Krcmt 01 .Attai.k.x Cohunr. 

“This is a volume tliat no analyst can afl'ortl to he without, ' ’—yiu/OKi/ oj 
Stiiic' Medicine. 

“ A valuable reference book for the .analyst and all interested in edible oils 
and fats." -Bulletin of the Imperial Institute. 

“ The book certainly invites criticism, but it must be on the whole a 


f.avourable criticism The descriptions of the methods arc models of 

lucidity.”-- -7/ir Analyst. (tQi’i) 


***• I)KrAILKI> rUOSI-ECTLS ON Al’l'I.rC ATION. 


thf: plant alka- 

loids. 

By T. A. HENRY. D.Sc. (Lond.), 
E.C.S., Superintendent of I..abora- 
torics, Scientific and Technical Dc- 
p.artment, Imperial In.stitutc, London. 
474 PP- i^et. 

(I9«3) 

PRACTICAL CHEMIS- 
TRY. Qualitative Exercises 
and Analytical Tables for 
Students. 

By j. CAMPBELL BROWN, D.Sc., 
LLI). Sixth Edition. Revised by 
Dr. G. D. BENGOUGH. 80 pp. 
8vo. 23. 6d. net. (>913) 


A MANUAL FOR MA- 
SONS, BRICKLAYERS, 
CONCRETE WORKERS, 
AND PLASTERERS. 

By J. VAN DE.R KLOICS, Professor in 
the Science of Materials of Construc- 
tion in the University at Delft. Revised 
and adapted to the retjuirements of 
British and American Readers, by 
A. B. SEARLE. With 81 Illustra- 
tions. 248 pp. 8s. 6d. net. (1914) 

LABORATORY TEXT- 

BOOK OF CHEMISTRY. 

By V. SEYMOUR BRYANT, M. A.. 
Assistant Master at Wellington Col- 
lege. Part I. 252 pp. Royal 4(0 , 
4s. net. (1913) 


J. & A. CtiUKcmu. 
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A HANDBOOK OF COLLOID CHEM- 

ISTRY. The Recognition of Colloids, the Theory of 
Colloids, and their General Physico-Chemical Properties. 

Hy Dr, W. OSTWALD, Translated l)y Dr. M. H, FISCHER, Professor of 
Physiology in the University of ('incinnati. With Go Illustrations. 200 pp. 
8vo, I2S. 6 ( 1 . net. (1016) 


EXPLOSIVES. THEIR MANUFAC- 

TURE, PR 0 I> 1 <:RT 1 KS, TESTS AND HISTORY. 

Hy A. MARSI I ALL, A.('.r,.L. F. F.C.S., Chemical Inspector, Iiuhan 
Ordnance Department. With 137 Illustrations. 

CONTENTS 

Historical, Hlack Powder. Acids. Nitric listers of t'.-irbohydrates, Nitric 
h'-sters of Cl veerine, Smokeless Powdtus, Blastinj; E.xplosives. Proper- 
ties of Explosives, Special Explosives, Stahdity. etc., Materials 
and their ,\nalysis. 


loiit'-wanti'd vohime . . . tlioiouK’lily iiptodal.' . . . a nr.ictical Ircalisc, nivl 

cniitlr 1 10 rank as a st.ind.iid work on llu; siil.>)<.ct . . . t-iiricIiLd by many excellent 

plioto^^r.ij'liic illuslraiions." I he H "'^'6 

“The losilion of the aiiilinr j. i re.f ..f j roi cr inofession.il trainint' as a chemist, an 
pr.iclic.d association wiili explosives m.mnlaetme. 1 he book itse.t discloses a i|mi 
un.ommon capacity for clear exposition. Its . onteiits reve.il .m exiraoidmaril. ('he 
.ic(ni.iintance with technical liler.itnre on the snliieit, ilhtmm.it.al bv in.cli litst har 
knowhaE'e atnl pnictical iiiKlerst.imlitig of methods."- . I » ms loa/ /• r/Aidro. (lOiy) 

Crown 4IU. 640 })p. ^2 2s. net. 


il trainitit' as .1 chetnist, and 
(ouk itse.f discloses a ipiite 
ve.d .lit exiraoKlinaril . close 
imin.itial bv in. eh lirst hand 


LIQUID AIR, OXYGEN, NITROGEN. 

Hv C.FORC'.FSCI.AUDE.ldi^ineerLaureateof thelnstituteof I'rance. Idif^lish 

IChtion corrected and hronytht up-to date hv the author, and translated hy 
HENRY E. P. COTTRELL, .\ssoc. M.l.C E.. M.S.C L, F.R.Cl. With 151 
Illustrations. Royal 8vo, its net. 

“ The 1.00k provides an .adinirahle siiiviyof the theory atid prac ti e 

“ It is iinposMhlc to pass l.y the b<^>k in sil, ncc. .* ^ llicnn^d til's 

shelves devoted to Knulish teehineal |itcj.tlnie. It is eotieeiim \ . ■ . ■ i,i,nir-- 

of vshich are. eve, yet, 1 ml dimly rral,/ed. It .s written ,n a s,y lo , ha . , ni.u tt el •> / 

ccdcnled-wc have no hesitation in Usm^; the wotd m ii.s itatikm ss .md hummir.-- / h L . 

CHEMISTRY' OK URINE. A Practical Guide to the 

Analytic.%1 It.v.imin.aliim ,)( Diabetic, Albiiminmis, .ind Gouty t'linc, With 
Enj'ravings. 208 pp., 8vo, 7s. Od. net. 

Hy ALERHD H. ALLEN. I'.IC, HC.S., Public Analyst for 
Kidiii},' of Yorkshire, etc. 

THE CHEMISTRY AND PHYSICS OE J)\LING. 

Heing an account of the relations between Fibres and Dyes 
of Lakes, and the general reactions of C.ollotds, am 
Illustrated by curves and mmierons tabu ated results 1 
1 ' 1 C F (' S Member of C ouncil ol Institute of Chcmi t \ , 

c/oimalof Society of Dyers and Colourists. 328 pp. 8 vo, los. ( d. nm. 

See (ilso Piigc 2, (iQw*) 


J. & A. Churchill 
9 



J. &c A. Churchill’s 

INDUSTRIAL ORGANIC ANALYSIS. 

For the use of Technical and Analytical Chemists and 
Students. 

By Paul S. Akup, B.Sc., A.C.G.I., Avith a Foreword by J. C. 
Irvine, D.Sc., Ph.D., Professor of Chemistry, University of 
St. Andrews. With 14 Illustrations. 352 pp. Crown t?\ o, 7s. Ld. 
net. (•9*^3) 

'• The work is undoubtedly a valuable contribution towards the solution, )! 
a problem which becomes more urj^ent every day viz., that of ‘ bringin^^ 
together the problem and the man competent to solve it,’ and of bridging the 
gap between academic and industrial chemistry." -I'.lcctnaty. 

“ Mr. Arup’s book is to be welcomed heartily, since it endeavour, s to show 
the student what manner of work is carried on in the technical laboratory, 
and how it is related to his own more orthodox experience." Sihool Woiid, 

ELEMENTARY PRACTICAL METAL- 

LURGY, for Technical Students and Others. 

By J. H. Stansbie, B.Sc. (Lond.), F.I.C., Associate of Birming- 
ham University and Lecturer on Metallurgy in Birmingham 
Municipal Technical School. With 25 Illustrations. 160 pp. 
Crown 8vo, 3s. 6d. net. (^ 9 ^ 5 ) 

THE ANALYST’S LABORATORY 

COMPANION : a Collection of Tables and Data for 
Chemists and Students, together with numerous ex- 
amples of Chemical Calculations and concise Descrip- 
tions of several Analytical Processes. 

By Alfred E. Johnson, B.Sc. (Lond.), F. .Assoc. K. C. Sc. 1 . 
Fourth Edition. 174 pp. Crown (Svo, 6s. 6d. net. 

MICROBIOLOGY FOR AGRICUL- 

CULTURAI, AND DOMESTIC SCIENCE 
STUDENTS. 

Edited by Charles E. Marsiiai.l, Professor of Bact. and 
I[yf;iene, Michigan Agricultural College. With 128 Illustrations. 
748 pp. Svo, los. 6d. net. (*912) 

RESEARCHES ON THE AFFINITIES 

OE THE EJ.EMENTS AND ON THE CAUSES 
OE THE CHEMICAf. SIMII.ARITY OR DIS- 
SIMIEARITY OE EI.EMENTS AND COM- 
POUNDS 

By Geoi frey Martin, B.Sc. With Illustrations, Tables and 
Appendices. 300 pp. Svo, i6s. net. (‘ 9 ‘-’ 5 ) 


J. & A. ClIURCIIILI. 
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THE CONDUCTION OF ELEC- 
TRICITY THROUGH GASES AND RADIO- 
ACTIVITY. A Text-Book with Experiments. 

By R. K. McClung, M. A., D.Sc., Lecturer in Physics, University 
of Manitoba, Winnipeg, Manitoba. With 78 Illustrations. 262 
pp. 8vo, 7s. 6cl. net. 

A HISTORY OF CHEMISTRY, from 

the Earliest Times till the Present Day. 

By the late James Campuell Brown, D.Sc. (Lontl.), LL.D. 
(Abdn.), Professor of Chemistry, University of Liverpool. Edited 
by H. H. Brown. With a Portrait and 106 Illustrations. 
576 pp. 8vo, los. 6d. net. 

" I’rof. Brown's book is enriched with very many illustrations and bears 
every sign of being the result of deep and extensive study. It should be 
in the library of everyone interested in the history of Alchemy.’ 
Journal of the Chemical Society. (njij) 

]^)y the same Author. 

ESSAYS AND ADDRESSES. 

With a Portrait and 22 Illustrations. 222 pp. 8v0, 5s. net. 

(1914) 

A SYSTEMATIC HANDBOOK OF 

VOLUMETRIC ANALYSIS; or, the Qiiantitative 
Estimation of Chemical Substances by measure, applied 
to Liquids, Solids and Gases. 

By Francis Sutton, F.I.C., F.C.S., Public Analyst for the County 
of Norfolk. Adapted to the rctiuiremcnts of Pure Chemical 
Research, Pathological Chemistry, Pharmacy, Metallurgy, Manu- 
facturing Chemistry, Photography, etc., and for the Valuation of 
Substances used in Commerce, Agriculture, and the Arts. I enth 
ICdition. Revised throughout, with numerous additions, by 
W. Lincolne Sutton, F.I.C., Public Analyst for the County 
of Suffolk, and Alfred K. Johnson, B.Sc.(Lond.), F.I.C., 
A.R.C.Sc.l. With 121 Engravings. 603pp. 8vo, 21s.net. (lyii). 

PRACTICAL CHEMISTRY 

By WILLIAM G. VALENTIN, F.C.S.. late Brincipal Dcmonsirator of 
Practical Chemistry in the Science Training Schools. 

Tenth Edition. By Dr. W. R. Hodgkinson, F.R.S.IL, lYofessor 
of Chemistry and Physics in the Ordnance College, Woolwich. 
With ()<; hhiLTavings and Map of Spectra. 496 pp. 8vo, los. net. 
^ (igo8) 

J. & A. Churchill — 
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J. ^ A. Churchill’s 

FOURTH EDITION. BY SFECIALISTS. 

ALLEN’S COMMERCIAL ORGANIC 

ANALYSIS. 

A TRKATISIC on the Properties, Proximate Analytical ICxam- 
inations, and Modes of Assaying the various Or^Lanic P-hemicals 
and Products employed in the Arts, Manufactures, Medicines, etc. 
W ith Concise Methods for the Detection and Determination of 
their Impurities, Adulterations, and Products of Decomposition. 

Edited by \V. A. Davis, H.Sc., A.C.Cj.P, Formerly Lecturer and 
Assistant in the Chemical Research Laboratory, City and (iiiilds 
College, Imperial College of Science and 'Fechnology, i^ondon 
( X'olumes I. to \'Ill.); H. Lli i mann, M.A., M.D., Professor of 
Chemistry and Toxicology in the Women’s Medical College of 
Pennsylvania (V olumes 1. and 1 1. ) ; and S. S. Sad ri.];K, S. P., \ ice- 
Presidentof the American hdectro-Chemical Society ; Member of the 
American Institute of Chemical PAigineers (V'olumes III. to VII I.) 

Vol. 1 . —Introduction, Alcohols, Wines and Potahle Spirits, Malt and Malt 
Liquors, Yeast, Neutral .Mcoholic Derivatives and Acid Deri\ ativesof Alcohols, 
Su^'ars. Starch and its Isomerides, Faperand Paper-making Materials. 58G pp, 
S\o, 86 I'igurcs. 22s. net. (njcy) 

Vol. II — Fi.xed Oils, I'atsand Waxes, Lard. Special Characters and Modes 
of Examining Fats, Ods. and Waxes. Butter I'at, Linseed Oil, Higher I’atty 
Acids, Soap, (ilycerol, (!holesterol and Phytosterol, Wool l-'at and Cloth (FIs. 
530 pp. 8vo. I. ^ Figures. 22s.net. (nyio) 

\'ol. HI.— Hydrocarbons. Naphthalene and its 1 )erivati\ es, Bitumens. 
I’etroleum, Phenols, Aromatic Acids, (iallic Acid and its Allies. Phthalic Aciil 
and the Phthaleins, Explosives. 6.}5 pp. 8vo. 25 Mgures. 22s. net. (lyiu) 

Vol. I\C Resins, Essential Oils, H vdrocarbons anil Ketones of ICssential 
Oils, (.'aoutchouc and (iuttapercha. Special (diaracters of Individual Oils and 
Terpencless I'Nsential Oils. .174 pp. Sxo, 22s. net. (cjio) 

\h)l. V.— Tannins. Analvsis of Leather, Dyestuffs of Groups (> to 12, 
Colouring Matters of Natural Origin, Dyes and Colouring Matters (('lasses i 
to 5). .Analysis of (Colouring Matters. Inks, (.'arbon Papers, Typewriter Ribbons, 
Colouring Matters in E'oods. 713 pp. 8vo. 0 I'igures. 22s.net. (lyti) 

Vol, VI. — .Amines and Hvdra/ines, Aniline and its Allies, Naphthylamines 
and Coal Tar Bases, Alkaloiils (( ieneral), V’olatile Bases, Nicotine and Tobacco 
Products, .\conite Bases and Atropine. (!oca Alkaloids, Opium, Strychnos 
Alkaloids, (hnehona Alkaloids, Berberine, Caffeine (Tea and C.offee), ('ocoa 
and ('.hocolate. 7jG pp, 8vo. 8 I'igures. 22s.net 

Vol. VII, Vegetable Alkaloids, Ptomaines or Putrefaction Bases, (iluco- 
sides, Non-(ducosidal Bitter Principles, Animal Bases, Animal .Acids, ('yanogen 
and its Derivatixes. Lactic Acid. 574 pp. Hvo. 28 I'igurcs. 22s.net. (1913) 

Vol. VHI. — Ixn/.ymes, The I’roteins and Albuminoid Substances, Proteins 
of Plants, Proteins of Milk, Milk, .Milk Products, Meat and Meat I’roducts, 
Digestion Products of the Proteins, Haemoglobin and its Derivatives, Albu- 
minoids or Sclcrofiroteins, Fibroids. 706pp. 8vo, GoE'igures. 22s, net. (1914) 

( hftniial News : ” In order to ensure llie >{realest possihlc eiricH ncy, the .nrlidrs dcalini; 
with difTcn.-nt siihjri is h.rve hetti allotted to < i.dists in the various hratu lies, and thus English 
and Atiu ri(:,ui authors have f ollalMiratcd to prodiuc tin- most rumpletc and authoritative Ic.xl-ljook 
on icdiriif .'ll analysis in the I'ingiish language.” 

7'Jic I.anctt-. ” Contains all tliat is known up to the p,^esent dale on llic suhjci t of acu'.irale 
an dyti( al inf tho Is .ipp i'-'l to cdiimicrcial organii; analysis." 

ri.KASK VVKITI-: lOK |)|,TAlt.KI» fHOSPUCTUS. 

J. A A. CuUKCIIII L 
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A SYSTEM OF IN- 
srRUcrioN in chemi- 
cal ANALYSIS. 

Hv KICMKUUS FKKSENIUS, I‘ro- 
f(!ssor of C'hcmistry and Director of 
the ('heinical Laboratory at Wies- 
baden. 

Qualitative. Tentli Ldition. 
Pr.-inslatcd from the hifteenth (Ger- 
man I'alition, and halited l)v Ciiaki.ks 
l^. (iuovKs, 1 '. KS. With 46 lui- 
^oa\ in}^s and 1 date of S]iectriim Analv- 
sis. 4S1 pp. <Svo, 15s. net. (iSSy) 

Quantitative. Seventh lulition. 
\'ol. 1 . 'I'ranslatcil bv .\ktiiuk 

Vagi IKK. With loO l*hii.;ra\ in.ys. 
52.1 pp. Svo, 1 <5S. net. ( iSyt)) 

Vol. II. 'franslatcd bv CiiAKi.Ks 
(iuovKs. !•'. K.S. With i.pj lOnj^rav- 
in^s. 712 pp. S\o, 20s. net. (I'joo) 

CHEMICAL TECH- 

NC)LO(iY ; or Chcini>try in 
its Application to Arts and 
M.1 tut tact tires. 

Ldited bv Cll.VRLlCS ICDWAKD 
(;i<()Vh:s. I'.K.s., wiid.iAM 

'rifOKl’, IbSc.. and W. ). 1 ) 115 - 
DIN, E.l.t'. 

Vol. 1 . Duel and its Appli- 
cations.— 15 v Ic J. Mims, D.Sc.. 
F. k.S., and lA J. Rowan, (..'.F. 
With 7 1 laics (2 coloured) and (>ob 
l''.ngra\'ings. 1S02 ]>p. Royal .Svo, 
)os. net. (1^89) 

Vol. 11 . Liifhting:.— Fats and 
oils, by W, Y, Dknt ; Stearine In- 
dustry, by J. Mc.Vktiii K ; ('andle 
Manufacture, by L. Fii:i,n and 1 '. 
I'lKi.i); 'I'he I’etroleum Industry and 
Lamps. bvSiK Foveuton Redwood; 
Miners’ Safely Lamps, by Siu F. 
Redwood and 1 ). Lon.s. With 
338 iMigravings. .|oo pp, Rt)yal 

8vo, 20s. net. ( 

Vol. in. (Jas Lijfhtinjc.-Fy 

('iiAKi.Es Hcnt. With 2 I’lates .and 

2t)2 I'higravings. j.|o pp. Roy.al 

8vo, 18s. net. (djoo) 

Vol. IV. Electric LiKlitinjc. 

Fy A. O. ('ooKE, M.A., A.M.I. Iwl-.. 
Photometry.— Fy W. J. Diudin. 
I'M.F.. l-'.F.S. With 10 I’lates .and 
I. Si l'Aigra\ings 39b pp. Royal 

Svo, 20s. net. 


THE CHEMISTRY OF 

THE TERPENES. 

Fy F. IIFUSrdcR, Fh.D.. Fonn Uni- 
versity. Translated and Enlarged 
l>y F. [. Fond, Fh.D., Fennsylvania 
State College. 472 pp. 8\ o, 17s. net. 

{UJ02) 

Q 1 1 A N 'r I T A T I V E 

ANALYSIS IN PRACTICE. 

Bv J. WAnDi'.r.i., B.A.. n.Sc., 
I’ll. IF, Assistant Frofessor of Chem- 
istrv, Queen’s Universitv, Kingston, 
Canada. An introductory course de- 
signed for (A)lleges and Unixersilies. 
170 jip. Svo, .}s. 6d. net (1913) 


INTRODUCTION TO 

CHEMICAL ANALYSIS. 

Fy HUCIl C. II. CAN'DY, F.A., 
15 . Sc., Lecturer on Chemistry in tlie 
London Hospital Medical College. 
126 }H). Crown Sx o, 3s. 6d. net. 

(1905) 

A TEXT - ROOK 01^^ 
PHYSICAL CHEMISTRY, 
'FHEORY AND PRACTICE. 

Fv ARTHUR W. EWEI.L, Fli.I )., 
.Assistant Frofessor of Fhysics, Foly- 
technic Institute, Worcester, Mass. 
With 102 illustrations and O3 Tables. 
j8o pp. Svo, qs. Od. net. (1910) 


A SYSTEM OF INOR- 

GANIC CHEMISTRY. 

Fv SIR WILLIAM RAMSAY. 
K.C. F. , Fh.D,, h'.R.S., Frofessor of 
Chemistry in Unixersity thillege, 
London, With hbigrax ings. 700 pp. 
8x 0, 15s. net (1891) 


ELF'.MENTARV SYS- 

'PEMAPIC CHEMISTRY ; 
for the use of Schools and 
Colleges. 

Also by SIR WILLIAM RAMSAY. 
With Ixngr.avirtgs 3(0 pp. Croxvn 
Svo, 4s. 6d. net. (1891) 


j. k A. Churchill 
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J. & A. Churchill’s 

SANITATION IN WAR. 

By Lieut.-Coi.. P. S. Lelean, C.B., F.R.C.S., D.P.H., R.A.M.C., 
Assistant Professor of Hygiene, Royal Army Medical College. 
Contents.— Physical Fitness for War— Anti-typhoid Inoculation 
The March— Sickness in the Army— The Role of Insects in War 
— Medical Organisation and Administration in the Field — Field 
Conservancy — Water and Water Supplies. ^ 

With 40 Illustrations. 280 pp. Fcap. Svo, 5s. net. (1915) 

THE EXAMINATION OF WATERS 

AND WATER SUPPr.lES. 

By John C. Thresh, D.Sc., M.D., D.P.H. Lecturer on Public 
Health, London Hospital Medical College; Medical Officer of 
Health, Essex County Council. Second Edition. With 53 Illus- 
trations. 664 pp. Royal Svo, iSs. net. 



" The second edition is worthy of a still more favourable reception than was 
accorded to the first.” — liilinhur^h Mcdicid Join mil. 

“The book is very complete in its scope, and is now quite a standard 
work. , . . We can stronj'ly recommend this volume as a complete reliable 
guide and book of reference. /prow/ of Stall' Medicine. 

Also by Dr. J. C. Thresh. 

A SIMPLE METHOD OF WATER 

ANAI.YSIS. 

Especially dc.signed for the use of Medical Officers of Health. 
8th Edition. 72 pp. Fcap. 8vo, 2s. 6d. net. (^ 9 ^ 5 ) 

J. & A. Churciih.l 
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THE THEORY AND PRAC J ICE OF 

HYGIKNK (Nottkr ^ Firth) 

By R. II. I'lRTH, l‘.K.( .S., Lt.-Col. R.A.M.C., late Professor in 
llic Royal Army Medical ('olle^n*. Third Edition. 22 Plates and 
193 Text Ei^^^ires. 24s.net. (1908) 

" ihitt ts no t'tlur xtii i'< iu»>uJ .. »/> ih( sr.c ljh n'lnfaic <oitIi this in 

iind ionvintinci ." — rublic lU*a!ih. 

By the same .\uthor. 

MlLirARY tlYGIKNE: A MANUAL 

OV SANITATION FOR SOI.DIKRS. 

With 40 IWustratiuns. 301'') pp. ('town 8vo, 3s. fxl. net. (190H) 


FOODS AND I'HEIR ADULl'ERA- 

TION. Origin, Manufacture and Composition of 
Food Products ; Description of Common Adulterations, 
Food Standards and National Food I/aws.and Regu- 
lations. • 

By Hakvky W. Wii.ky, M.D., Ph.D., Chief of Jhireau of 
Chemistry of the U.S. Department of Agriculture, Washington. 
Second lulition. With 11 Coloured Plates, and 87 other Illustra- 
tions. 654 pp. -is.net. (19^0 

Scinicc of New York savs : “The book treats systematically and quite 
exhaustively of all the principal food products, dealing in turn with their 
manufacture, properties and composition, forms of adulteration and dietetic 
\ ahie, and including much information of a general nature concerning them, 
liegin’ning with the animal foods, it then covers meats and the various meat 
preparations, fish, milk and its products, and oleomargarine. Then follow 
the vegetable foods, cereals, vegetables proper, condiments, fruits, sugar, 
syrup, confectioneryi honey, and linally infants and in\alids foods. 


TEXT-BOOK OF MEAT HYGIENE, 

With Special Consideration of Ante-mortem and Post- 
mortem Inspection of Food-producing Animals. 

By Richard ICdelmann, Ph.D., Professor at the Royal 
Veterinary High School, Dresden. Authorised Tnmslation by 
J. R. MoiibiiK, A.M-, V.M.D., Chief of Pathological Division, 
U.S. Bureau of Animal Industry, and A. Eiciihorn, D.V.S., 
Senior Bacterioldgist, Pathological Division, U.S. Bureau of 
Animal Industry. With 5 Coloured Plates and 152 Illustrations. 
398 pp. 8vo, 21S. net. (^9^2) 


J. & A. CllURCHII.L 



J. & A. Churchill’s 


PRESERVATIVES IN FOOD, AND 

FOOD EXAMINATION. 

l^y J. C. Thresh, M.D. ; and A. 1 '^ Porter, M.D., Medical 
Officer of Health, County and Borough of Reigate ; late Demon- 
strator of Public Health, Leeds University. With 8 Platon. 
499 pp. Royal 8 vo. 14s.net. 

The Lancet says: “The book will be valued for its excellent chapters on 
the methods and substances commonly used in the preser\'alion and colouring 
of foods as well as for the sound directions given for the detection of such 
preservatives." 


A GUIDE TO THE 

MICROSCOPICAL EX- 
AMINATIONOE DRINK- 
ING WATER. 

Hv SIR JOHN D. MACDONALD. 

M.D., F.R.S., Kx-Rrofessor 
of Naval Hygiene, Army Medical 
School. With an Appendix on the 
Microscopical ICxamination of air. 
Second Edition, With 25 Litho- 
graphic Plates, containing many 
Figures. Svo, 7s. Cd. net. fnSSj) 

A TREATISE O N 
HYGIENE AND PUBLIC 
HEALTH. 

Dy SIR THOMAS STEVENSON, 
M.D., R.C.P., Lecturer on Chem- 

istry and on Medical Jurisprudence 
at Guy’s Hospital ; Omcial Analyst 
to the Home Office; and SIR 
SHIRLEY E. MURI’HY, Medical 
Officer of Health of the Adminis- 
trative County of London (Editors). 
In Three Volumes. Royal 8vo. 
Vol. I. With 9 Plates and 186 Ehi- 
gravings. ccond Edition. 1,013 pp. 
Royal 8vo, 28s, net. (i'896) 

Vol. IL With 45 I’latesand 54 En- 
gravings. 847 pp. Roy. 8vo, 32s, net. 

(I»93) 

Vol. HI. 460 pp. Roy, 8vo, 20s. net. 

(1894) 

THE MICROSCOPICAL 
EXAMINATION OE 
FOODS AND DRUGS. 

A Pr^ictical Introduction to the 
Methods adopted in the Microscopical 
Examination of Eood.s and Drugs in 
the Emtire, ('ru.shcd and I’owdered 
states. Hy H, G. GREENISH, F.I.C.. 
EL.S., Professor of Pharmaceutics 
to the Pharmaceutical Society of 
Great Pritain, and Director of the 
Pharmacy Research Laboratory, 
Second I£dition. With 2 ck) Illus- 
trations, 406 pp Royal 8vo, 
12s. Gd. net, (1910) 


THE ORGANIC ANA- 
LYSIS OF POTABLE 
WATERS. 

By j. A. BLAIR. M.B,, C.M., D.Sc. 
lulin,, L, R.C.P. Loud. Second Edi- 
tion. 120 pp. Cr. 8vo, 3s. Od. net. 

(1891) 

AN ANATOMICAL 
ATLAS OF VbXHCTABLE 
POWDERS, an Indispens- 
able Aid to the Microscopic 
Analysis of Powdered Foods 
and iJrugs. 

Bv Professor H. G. GREENISH 
and EIRHGNE COLLIN. With 138 
Illus. 288 pp. 4to, I2s.6d. net. (1904) 

LESSONS ON ELE- 
MENTARY HYGIl'NE 
AND SANITATION, 
with Special Reference to the 
Tropics. 

By W. T. PROUT, C.M.G.. M B.. 
C.M.Edin., Medical Adviser to the 
Colonial Office; Hon. Lecturer, 
School of Tropical Medicine, Liver- 
pool, E'ourth Edition. With Go Illus. 
204 pp. 8vo, 2S. Gd. net. (1915) 

A HANDBOOK OF 
HYGIENE AND SAND 
TARY SCIENCE. 
ItytiEORGE WILSON. M.A.,M.l)., 
LL.D., D.P.H.Camb., Medical Offi- 
cer of Health for Mid- Warwickshire. 
I'ughth hMition. With liingravings. 
H25PP. Post 8vo, I2S. Gd. net. {1898) 

MANUAL o/HYGIENE. 

Hy W. IE. HAMKK, M.D.. D.P.H., 
E.R.C'.P., Lecturer on Public Health 
St. Bartholomew’s Hospital; Assis- 
tant Medical Officer of llealth of the 
Administrative ('ounty of London. 
With 93 Illustrations. G34 pp. 8vo, 
12s.6d.net. (*902) 


J. & A. Churchili. 
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A TEXT-BOOK OF PHYSICS. 

13y A. WiLMER Duef, D.Sc., Professor of I'hysics, Polytechnic 
, Institute, Worcester, Mass. Third Edition. 595 figures. 702 pp. 
8 vo, los. 6d. net. (1913) 

•.A HANDBOOK OF PHYSICS AND 

• , CHEMISTRY, adapted to the Requirements of the 
First Examination of the Conjoint Medical Board, 
and for general use. 

Py H. E. Corbin, B.Sc. (Lond.), M.R.C.S., L.R.C.P., Medical 
Superintendent, London Fever Hospital; and A. M. Stewart, 
M.A., B.S.(Lond.), Headmaster, Alresford Grammar School. 
Fourth Edition. With 183 Illustrations. 528 pp. Crown 8vo, 
7s.6d.net. (1911) 

MOLECULAR PHYSICS. 

By J. A. Crowtiier, M.A., Fellow of .St. John’s College, Cam- 
bridge; Demonstrator in Physics at the Cavendish ^Laboratory. 
With 29 Illustrations. Crown 8vo, 176 pp., 3s. 6d. jiet. (1914) 

PHYSICAL MEASUREMENTS. 

By A. WiLMER Duff, D.Sc., Professor of Physics in the 
Worcester Polytechnic Institute; and A. W. Ewm.L, Ph.D., 
A'ssistant Professor of Physics, Worcester Polytechnic Institute. 
wSecond Edition. ■ With 78 Illustrations. 268 pp. 8vo, 7s. 6d. net. 

(1911) 

A TREATISE ON PHYSICS. 

Vol. I. Dynamics and lYoperties of Matter. 

By Andrew Gray, LL.D.,l'.R.S., Professor of Natural Philosophy 
in the University of Glasgow. With 350 Illustrations. 712 pp. 
8vo, 15s. net. 

AN INTRODUCTION TO PHYSICAL 

MEASUREMENTS. 

With Appendices on Absolute Electrical Measurement, etc. 

By Dr. F. Koiilrausch. Third Edition. Translated from the 
Seventh German Edition by Thomas Hutchinson Wai.i.er, B.A., 
B.Sc., and Henry Richardson Procter, F.I.C., F.C.S. With 
91 Engravings. 476 pp* Hvo, 12s. 6d. net. (1^94) 


J. & A. CnuRCHiLi. 
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J. & A. Churchill’s 

THE HORTICULTURAL RECORD. , 

A Unique Work Indispensable to everyone interested 
in the History and Practice of Horticulture. 

Di'tiiiiittd /'V special pcniiissioti lo II is Mast Giacious Majesty Kiuy Ceorye V. 

By Regin.m.d Cory. MaRiiificently Illustrated with 117 Blatcs, 
in Colour and 71 Black and White Figures. 516 pages. Ouarto. , 
^2 2s. od. net. ' 

CONTENTS : 

PART I. 

Rock Gardens. By Regdnald Farrer. 

Roses. By H. R. Darlington. 

Trees and Shrubs. By W. J. Bean. 

Sweet Peas. By W. Cuthbertson. 

Stove Foliage Plants, l)y W. Watson, A.L.S. 
Orchids. By James O’Brien, \hM.lI. 

Ferns. By Chas. T. Druery, V.M.ll. 

(ireenhouse Plants. P)y C, 11 . Curtis. 

Fruits. By E, A. Ibinyard. 

\’egetables. By G. F'. Tinlcy. 

c 

PART II. 

Contributions on Science and ICducation. 

Official Report of the Royal ICxhibition (1912). 

List of .Awards and Prizewinners. 


PART III. 

Illustrations — Coloured Plates — Half Tones. 

The Horticultural Record presents a brilliant rcc(jrd of tlie greatest 
event in the history of gardening in these Isles, namely, the Royjd 
International Horticultural ILxhibition, which was opened by their 
Majesties the King and Queen in May, 1912. The plates are 
reproduced from actual photographs, and they preseivc for all 
time the chief characteristics of the great ICxhibition. 

DF.TAll.KI) PXCiSI-KCirs UPON Al'lTICAIlt N. 


" livery serious student of horticulture should add this hook to his library, in order 
to take pleasure from lurniHg over its puyes, and to yain profit by usiny it as a work of 
reference,' KNowi.EixiK. 

A careful inspection fails to find anythiny that is not praiseworthy," 

— Tin; Standaku. 

“ We conyratulate the lulitor and Contributors, and ive wish Mr. Cory’s enterprise 
the success it so richly deserves."- Thk (jAKDESERs' Chronicle. 


J. & A. Church I LI. 
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THE STORY of PLAN'E LIFE IN THE 

BRITISH ISr.KS. I)y A. K. I lOKWOOD (Leicester Museum), Mem- 
ber of the Hritish Botanical Society, l-xolof^ical, (Jonchological Societies, etc. 



. Vol. I. 

Illustrated with 
73 Photographs. 

268 pp. 

• Crown 8 VO, 

6s. 6d. net. 

(‘914) 

Vol. II. 

Illustrated with 
78 PhotOf^Taphs, 

PP- 

(t'owu 8vo, 

6s. 6d. net. 

(1914) 

Vol. III. 

Illustrated with 
12 1 Photogjraphs. 

^ 53 ^^ PP- 
Crown 8 VO, 

6 s. 6 d. net. 

(' 9 ' 5 ) 

THK STUDKNT’S 

’guidk to systbm- 

ATK: HOT.YNV, incUulinj,' 
tlie (’la.ssilicalion ot I'lanls 
and Descriptive Botany. 

By KOBKRT BlvNTI-EY, I'.L.S., 
M.K.C.S.. late Emeritus Brofessor 
of Botany in King's College, and to 
the Pharmaceutical Society. With 
.(57 I'higravings. 178 pp. Fcap. Svo, 
IS. 6d. net. 

(18S4) 

Pt.ANT ANyVrOMY ^ 
HANDBOOK OF MICRO- 
TPX FI NIC, from the Stand- 
point of the Development and 
Functions of the Tissues. 

By WILLIAM CHASE STEVENS. 
Professor of Botany in the University 
of Kansas. Second Edition. With 
152 Engravings. 379 pp. 8vo, los. 6d. 


J. & A. 


AN INTRODUCTION 
TO VEGETABLE PHY- 
SIOLOGY. 

By ], REYNOLDS GREEN, Sc.D., 
j M.A., E. R.S., Fellow of Downing 
! ('ollege, t'ambridge ; late Professor 
of Botany to the I’harmaceutical 
Society. Third Edition. Whth 182 
Illustrations. 492 pp. Svo, los. 6d. 
net. (1911) 

AMANUAI.o/BOTANY. 

Vol, T, Morphology and .\nalomy. 
Crown Svo. Third Edition. With 
778 Engravings. 407 pp. 7s. 6d. net. 

(1904) 

A MANUAL of STRUC- 
TURAL BOTANY. An 
Introductory Te.xt-book for 
Students of Science and 
Pharmacy. 

By HENRY II. RUSBY, M.D., 
Professor of Materia Mcdica, Colum- 
bia University. With 599 Illustra- 
tions. 248 pp. ios.6d.net. (1912) 
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J. & A. Churchill’s 

THE MICROSCOPE AND ITS REVE- . 

LATIONS. 

By William B. Carpenter, C.B., M.D., LUD., F.R.S. ^ 
Edited by Rev. W. H. Dallinger, LL.l)., l^'.R.S., with 13 
Plates and more than 800 P'igures in the Text. P 2 ighth Edition. 
1,200 pp. 8vo, cloth, 28s. net. 

Also in two volumes, sold separately. 

Vol. I. The Microscope and its Accessories. Cloth, 14s. net. ' , 

Vol. II. The Microscope, its Revelations. Cloth, 14s. net. 

THE MICROTOMISrS VADE MECUM. 

A HANDBOOK OF THE METHODS OF MICRO- 
SCOPIC ANATOMY. 

By Arthur Bolles Lee. Seventh Edition. 536 pp. 8vo. 
15s. net. (1913) 

GUIDE TO THE SCIENCE OF PHOTO- 

MICROGRAPHY. 

By Pbnv.VKb C. Bou shield, L.R.C.P.Lond. Second Edition. 

With 34 Eng.avings and Glass-print Frontispiece. 174 pp. 8vo, 

6s. net. (1^92) 

METHODS AND FORMULiT USED IN 

THE PREPARATION OF ANIMAL AND 
VEGETABLE TISSUES FOR MlCROSCOPlCAt. 
EXAMINATION, INCLUDING THE STAINING 
OF BACTERIA. 

By Peter Wyatt SguiRE, F.L.S., P'.C.S. 93 pp. Crown 8vo, 

3s. 6d. net. (1^92) 

QUARTERLY JOURNAL OF MICRO- 

SCOPICAL scie:nce. 

lulited by Sir E. Ray Lankestek, K.C.B., M.A., LL.D., P\R.S., 
with the Co-operation of Sidney J. Hickson, M.A., P'.R.S., 
Gilhert C. Bourne, M.A., D.Sc., IcR.S., and J. Graham Kerr, 
M.A., P'.R.S. Published irregularly. Price los. net. Back 
numbers still in print los. net each. 

CONTRIBUTIONS TO THE KNOW- 
LEDGE OF RHABDOPLEURA AND AMPHI- 
OXUS. 

By Sir PL Ray Lankestek, K.C.B., F.R.S. With 10 Plates. 
Royal 4to. 5s. net. 


J. it A. Churchill 
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THE CYCLOPAEDIA OF PRACTICAL 

Rl^CElPTS, and Collateral Iriiormatioii in the Arts, 
Maiiutacturcs, Professions, and IVades, including 
Medicine, Pharmacy, Hygiene, and Domestic Economy. 

Hy aXKNOLI) J, COOLEY. Desif^'ned as a Comprdiensive Supplement to 
the I ’liannaco{io‘ia and (General Look of Reference for the Manufacturer, 
'rradesman, Amateur, and Heads of I'amilics. Seventh Edition. ]>y 
WILLIAM North, M.A., I'.C'.S., assisted I )y several scientific contributors. 

• With J71 lu-i}.;ravinj,’s. 2 vols. 1,827 pp. 8vo, 42s. net. (i‘8p2) 

The book of RECEIP ES : containing 

a Veterinary Materia Medica, with Prescriptions illus- 
trating the Employment of Drugs in (General Use for 
the Treatment of the more Common Ailments of 


Animals. 


('omprising also a I’harmaceutical l-ormulary for the Manufacture of 
I'roprietary .\rticles, 'toilet I ’reparations. Dietetic Articles, Household 
Specialities, etc. A Photographic Formularv. A Synop.sis of Practical 
-Xlcthods ernplovod in the E.xamination of Urine, Milk, Potable Waters, 
Sputum, etc,, together with numerous ('hemical and other 'fables likely to 
be of use to Pharmacists and Manufacturers. By E.. W. LUC.XS, IJ'.l.C., 
E.CbS., I.ate ICxaminer at the Phannaceulical Societv of Croat Britain, ('ffte* 
Eleventh lulition of Beasley s P.ook.) With 10 Plates. 460 pp. 

Svo, 7s. Gd. net. * 


Crown 

(tyoy) 


THE PRINCIPLES OF AEROPLANE 

CONSTRUCl'ION, with Calculations, Eormuhe and 
51 Diagrams. 

Bv KANKIN KENNEDY, C.E. 146 pp. Svo, 5s. net. (1911) 

A MANUAL OF DENTAL ANATOMY, 


HUMAN <\ND COMUARATIVJ';. 

BvCHARLlCSS, TOMI-iS, M.A., IMv.S. Seventh Edition, lulited by H.W. 
MARICfT TIMS, M.A.. M.D., I-.L.S., F.Z.S.. University Re.ader in Zoology. 
Ih'dford College, and HOPI*AVI'iLL-SM FflL L.R.C.l*.. M.K.C.S , L.D.S.. 
Professor of Dental Histology, University of Petina. With 400 Illustrations. 
Svo, 15s. net. (lOi-D 

IHE LABYRIN'I'H OF ANIMALS, 

INCLUDING MAMMALS, BIRDS, REPTIJ.F.S 
AND AMPHIBIANS. 

By ALBERT A. (iRAY, M.D.CIas., F.R.S.E., Surgeon for Diseases of the 
Iwar to the Victoria Infirmary, Glasgow. Volume 1 . Widi 31 Stereoscopic 
Plates. 210 pp. With Stereoscope, 21s. net. Vol. II. With 45 I’latcs. 265 
pp. 25s. net. 

THE COMPARATIVE ANATOMY 

OF THE domf:sticated animals. 

By A. CHAUVEAU, M.D., LL.D., Inspector-General of Veterinary Schools 
in France ; Professor at tiie Museum (jf Natural History. I aris , and S. 
ARLtJlNc’, Director of the Lyons Veterinary School ; Translated and Edited 
by GEORGE FLF 2 M 1 NG, laic Principal Veterinary Surgeon to the British 
Army. Second Edition. Wbth 585 Engravings. 10S4 pp. Svo, 31s. 6d. net. 

(1891) 
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J. & A. Churchill’s 

A MANUAL OF BACTERIOLOGY.- 

]]y R. T.\nnkr IlEWi.iiiT, M.D., l''.R.(M\, IXIML, l’rt)ft‘ssor 
of Racteriolo^y in the l/iiivcrsity of London. Fifth lulition. , 
W ith 26 Plates and 69 Text Pdf^ures. 680 pp. 8vo. 12s. hd. net. 

('914)’ 

ELEMENl'ARY BAG 1 ERIOLOCIY ^ 

PROTOZOOr.OGY. The Microblologiciil C:uises of , 
the Infectious Diseases. 

Ry Herbert P'ox, M.D., Director of the William Pepper 
Tvaboratory of Cliniral Medicine in tlu; l'ni\ersity of Pennsyl- 
vania. W^ith 5 (.'oloured Plates and by luigraviiiRs. 238 pp. 
Crown 8vo, 6s. 6d. net. ('9^3) 

LESSONS IN DISINFECTION AND 

STKRILISA'FION : an Klenientary Course ot Bac- 
teriology, with J^xperinients. 

By F. Wb An'^bewks, M.D., F.R.C’.P., Lecturer on Patholof,^, 

St. j-tartliblomew’s Hospital ; I’rofcssor of Patholo^^y in the 
University ofH.ondon. Second Ldition. Wdth 31 Illustrations. 
222 pp. Crown 8vo, 3s. 6d. net. (i9^’7) 

THE CELL AS THE UNIT OF LIFE, 

and other J.ectures delivered at the Royal Institution, * 
I.ondon, 1899-1902. An Introduction to Biology. 

By Allan Maciadyen, M.D., ILSc. lulited hy R. Tanner 
Hewlett, M.D., F.R.CLP. 400 pp. 8vo, 7s. 6d. net. (19(^8) 

THE FUNCTIONAL INER'I'IA OF 

LIVING MATTKR : a Contribution to the Physio- 
logical Theory of Lite. 

By David Fraser Harris, M.D., C.M., D.Sc. (Loud.), F.R.S.IC., 
Professor of Physiology, Dalhousic University, Halifax. Wdth 
12 Illustrations. 148 pp. Svo, 5s. net. (i9(->'^) 

THE EVOLUTION OF THE VERTE- 

BRATES AND THEIR KIN. 

By William Patten, Ph.D., Professor of Zoology, and Head 
of the Department of Biology in Dartmouth (’ollege, Hanover, 
N.H. With 309 Illustrations. 508 pp. Royal 8vo, 21s. net. 

(1912) 

— — J. & A. Chtjrchii.i. 
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